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1 . 0 INTRODUCTION 

Barnes Engineering Company, Stamford, Connecticut, performed a study 
of an Advanced Multispectral Scanner for NASA, Lyndon B. Johnson Space Center, 
Houston, Texas. The study was made under Contract NAS 9-15323, of one year 
nominal duration, to be completed April 14, 1978. 

This final report, MA183T, is submitted in compliance with the data 
reporting requirements of DRL T-1377. The report includes the analyses and 
studies performed by Barnes, and presents the required data, preliminary design 
specifications , and recommendations . It complies with the Statement of Work 
(SOW) for Advanced Multispectral Scanner, dated September 30, 1976, and 
with directions from the Technical Monitor at NASA, Houston. 

The Table of Contents provides a clear picture of the organization of the 
report. To facilitate location of the specific task items called for by the 
Statement of Work, the SOW paragraphs are indicated in parentheses in the 
table . 
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2 .0 THE MULTISPECTRAL SCANNER PERFORMANCE OBJECTIVE 

To provide a baseline for this discussion of the study objectives. 
Section 1,0 . Scope, of the SOW is transcribed here. 

1.0 SCOPE 

This effort is for a study and a preliminary design specification 
for an advanced multispectral scanner for use in an aircraft for 
remote sensing data collection in the 1980 time frame. The contractor 
shall provide conceptual sketches , data and supporting information 
to describe the subject instrument. The study shall address state of 
the art instrumentation in the technology common to aircraft multi- 
spectral scanners . The product of the study shall be a comprehensive 
report and specifications which will fully define the instrument. 

All areas of interest to scanner design shall be detailed as portions of 
the study. For each area an approach is to be selected based on 
supportable arguments (charts, data, narrative discussions , per- 
formance record or other information) . 

In discussing this statement of scope in a meeting at NASA Houston, 
the point was emphasized that the approach was iooIl to be "blue sky, " that 
the "state of the art" was to be manufacturable and not a one-of-a-kind 
success in a research program. This clarification was important to the 
subsequent study. It provided a set of guidelines that encouraged concen- 
tration on the details and difficulties of the surely achievable, rather than a 
diffusion of effort into the broad area of the possible. 
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The problem of clearl 7 defining the performance objective in quantitative 
terms proved to have some difficulties , For example, the attempt to tie down 
the optimum, spectral regions of the entire muitispectral scanner did not succeed 
because of there being no clear agreement among the users in the remote sensing 
field. Therefore, the approach was taken that, as long as the optics, detectors, 
and general systems configurations considered would tolerate simple changes 
in spectral bandpass , it was unnecessary to define the particular intervals 
during the study. 

The performance objective then becomes more tractable to definition. 

In Table 2-1, the performance objectives are summarized. These objectives 
also represent the general final system specifications . 


I 
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TABLE 2-1. AMS PERFORMANCE OBJECTIVES 


Angular Coverage 
Element Angular Resolution 

Sensitivity 


Spectral Coverage 

V/H Rate Range 

Automatic Roll Correction 

Environmental Operation 

High Reliability, Maintainability 


*60® from nadir, perpendicular to line of flight 

1x1 milliradian nominal, 0.4-1 [im 
2x2 milliradian nominal, 1.8 - 14 [rm 

3 .5% or better contrast* at = 0 .4iJim 

c 

0 .3% or better contrast at X. “ 0 .8|j.m 

c 

1 ®K or better NET ** at X. ^3.8 p.m 

c 

1°K or better NET** at ^ “ 10|j.m 

c 

0,4iJ.m to 14[xm in selectable intervals 
0.025 to 0.25 rads/sec. 

*8.7® 

-22 °F to 110 °F 


Under Typical Scene Conditions: Sun Angle 45® 

Average Earth Reflectance 20% 

Average Atmospheric Transmissions 80% 


** At 300® K Limited by Background Subtraction 
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3 .0 SELECTION OF THE SCANNER PRINCIPLE 

In the past^ selection of a scanner principle always involved extensive 
and detailed considerations of whirling mirrors , motors , bearings , lubricants 
and shock and vibration analyses. This was because, after careful evaluation 
of the state-of-the-art of detector arrays , it was correctly decided that such 
arrays were not really available for inclusion in operational hardware, relegating 
electronic scanning to the future. Therefore, the survey of mechanical scanners 
would be undertaken. 

Now, however, the large scale detector array is available as an off-the- 
, shelf commercial component from the silicon technology industry and great 
progress has been made in the devices for longer wavelengths. Also, large 
and continuing government support has appeared for the infrared detector 
arrays, greatly increasing the probability of the availability of flightworthy 
devices by the 1980 era. 

The argument for the superiority of the pushbroom concept over the 

single-element mechanical scanner is a simple one. In the present case, we 

would compare two thousand individual detectors in an array, each scanning 

an instantaneous field of one by one milliradian, with a single one-milliradlan 

detector scanning the same two thousand field elements consecutively. The 

piinimum theoretical advantage of the array elemental sensitivity would be 
1/2 

(2000) s 45 . This is an enormous increase in sensitivity in a technology 
that pays large premiums to gain factors of two (by ayjitireflection coating all 
optical surfaces , for example) . 

It might be thought that the factor of 45 could be regained by increasing 
the optical collector area by that factor. This is not so when we consider 
optimum optical design, however. Wlien the optical system is scaled up, the 
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detector must increase in size to subtend the same field of view. This increases 
its noise as the square root of area, so the required increase of factor 45 is to 
•the diameter, not the area. If we assume that the volume {and mass) of an 
optical system increases as a power somewhat greater than two of its diameter, 

4 

the mass ad-vantage is of the order of 10 . This is overwhelming and shows 
clearly why so much effort has been put into the development of large-scale 
linear (and areal) detector arrays . 

Before closing the door on mechanical scanner systems, the possible 
advantages of intermediate schemes, mechanically scanning small-scale 
arrays of, say, 100 detectors -was investigated. While no formal scanning 
system was employed, an extended discussion of the pros and cons, consider- 
ing sensitivity, size, data handling, roll compensation, image rotation, V/H 
compensation and/or speed control, etc, , led to the conclusion that a hybrid 
system combined the worst, rather than the best, of each system and the 
static pushbroom system was the method of choice . 

This decision eliminated the necessity of making an extensive study of 
mechanical scanning systems. However, a new task immediately appeared. 

The detector array technology was restricted to planar arrays , usually for 
ve^ high angular resolution over small to moderate field angles , Fields of 
60° to 120° can hardly be called moderate. The problem is to transfer the 
energy from a 120“ field of view to a flat focal plane, using a fast optical 
system with resolution of the order of one milliradian. Apparently consider- 
able^ingenuity and effort would be required, since to our knowledge no such 
optical system exists . 
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Also considered were the advantages of using an area array/ e.g. , 

1000 elements wide and 10 deep with a signal processing technique commonly 
referred to as TDI. This approach is particularly useful in military applications 
where extremely high sensitivities are required, since the S/N is improved by 
the which for the above example would be 3 .2 times . However, for the 
AMS application such an improvement is of marginal value when the data 
processing complexity is considered. As discussed in Section 4.4, with only 
1000 elements, the internal data rate is on the order of 10 MHz; increasing 
the number of detector elements by n also must increase the data rate by n. 

In addition, the ground data reduction process becomes enormous when effects 
of aircraft yaw must now be calibrated out of the data. Consequently, the AMS 
system was based on the use of linear arrays . 

In summary, the availability of large-scale linear detector arrays makes 
the pushbroom static scanner principle the clear choice. The task then becomes 
one of determining the best method of employing these arrays , rather than 
whether or not to employ them. 
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4wQ . DEMLS OF T^ 

Iti this section we discuss in detail the design considerations and 
tradeoffs required to establish a candidate design for the AMS. As discussed in 
Section 2 .0 / the design presented is modular in construction and allows for 
operational flextbility . Two optics modules have been studied; one 

covers the short wavelength region and the other the long wavelength region. 

4.1 . Detectors and AMS System Design Cons iderations 

4 .1.1 Detector Types 

Short Wavelength Detectors 

At the present time there are three types of short wavelength detector 
arrays using charge transfer technology.’ Two of these are GCD devices and' . 
GID devices. Both technologies are monolithic, that is, the photon detection 
and the charge readout processes are fabricated on the same silicon chip. A 
third type of array is composed of an array of silicon diodes coupled to a silicon 
CGD shift register. This latter deirice is called a hybrid. Either area or 
linear arrays are commercially available . 

A CCD is basically a metal-oxide-semiconductor structure which can 
detect and store minority carrier charge packets In localized potential wells at 
the Si-SiO,^ interface. The CCD can transfer charge packets in discrete time 
increments via the controlled movement of potential wells . The change is 
detected at an output node via capacity coupling. (See Ref. 3) . 

A CID is quite similar to the CCD with regard to the detector and 
integration processes. The major difference between the two is in the transfer 
or readout process , Whereas the CCD is a serial readout device, the CID is a 
random access device. It reads out the charge stored in a potential well by 
injecting It into the bulk at the end of an integration time. These carriers 
recombine at the substrate contact and generate a current flow in the external 
circuit which is read out in an x-^y. fashion. 
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Fairchild is presently offexlng several types of buried channel monolithic 
devices for sale commercially, e,g. CCD131, whereas Reticon is offering at 
present a hybrid device, e.g , CGPD1024, which uses a surface channel CCD 
shift register . S’ee Appendix G and reference 21. General Electric is presently 
offering for sale a series. 'Of GID's , 

Long- Wavelength Detectors 

hong wavelength detector arrays also can be classified in two distinct 
types ; monolithic and hybrid . ■ 

5here is apparently at the present time only one type of monolithic 
device being seriously developed; Extrinsic Silicon CCD’s. However, other mono- 
lithic devices exist in the laboratory. See Ref . 23. The extrinsic silicon CCD 
has been popular because it borrows heavily from the mature silicon CCD technol- 
ogy associated with short wavelength CCD detectors . Its major drawback from an 
operation sense is its required low operation temperature . These devices usually 

operate between 25 “K and 40 with SS^’K a sought-after goal. As shown in 

. .. . . 

reference 18, using a single' stage Stirling Cooler, with a one watt heat load, 
lOOW of power are required to reach a 40®K operating temperature with the power 
increasing quite rapidly the lower the desired temperature. 

There is also a good deal of work going into hybrid devices using conven- 
tional long wavelength detectors (jnd operating at 77®K: or greater. Table 4-1 was 
prepared to identify the various detector types, their developers, and some of 
their, salient performance characteristics , including cooling requirements . 

For the most part, the work being done in tliis area is either proprietary 
or classified . Consequently no spec sheets exist for these detectors and 
performccnce is deduced from published literature , private communications , and 
specific knowledge of IR detectors used in hybrid configurations . 
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table 4-1 . SUMMARY OF LONG WAVELENGTH GTD DETECTOR ARRAY TECHNOLOGY 


Developer 

Technology Under 
Development 

Spectral 

Region 

(jxm) 

Operating 

Temp. 

Array Size 

Detector 

Element 

Size 

Remarks 

General Electric 

Hybrid 
CID, InSb 

3-5 

77**^ 

32 X 32 

4 mils 
2 mils 

Devices available now , 
smaller detectors probably 
under development 

Honeyv/ell 

Hybrid: pV MCT/Si CCD 

3-5 

8-12 

140“iC 

77“K 

270 X 8 

Several 

mils, 

Linear array and mosaics; 
fabrication due Fall 1979 

Hughes 

Classified 






Rockwell 

Extrinsic Si 

Si;Ga 

Si:In 

3 - S 
8-14 

25”K 

f- 


Most work is in area arrays 

SBRC 

Hybrid ^ 

1 

1 

In As Sb 
InGaSb 
MGT (PV) 
MCT (PC) 

3-5 

8-12 

77'‘K 

32 X 32 

4 mils 

135 °K operation predicted 
in future. 200 el x 16 el 
arrays available soon. 

D* 5 X 10^^ achieved 

TI 

Hybrid 

MGT 






Westlnghouse 

Extrinsic Si 

Si;In 

i 

1 

1 

3-8 

4Q°K 


3-4 mils 

Linear array under develop- 
ment, smaller detector 
element sizes too. 
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4.1.2 .Detector Noise 
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All of the detector types discussed in Section 4.1.1 have a number of 
noise sources in common# regardless of whether we are considering a short 
wavelength or a long wavelength detector array . Rather than attempt to delve 
deeply into this subject which has been extensively investigated in the litera- 
ture# we will restrict the discussion in this section to the most significant noise 
sources and their effect on system performance , 


Many references discuss this topic . Reference 3 has c particularly 
good summary of CCD noise sources in tabular form; Figure 4-1 reproduces 
that table. All noise sources in CCD's can be divided into three categories: 
input# integration and transfer# and output. Before discussing the table# 
however, it would be informative to identify the relationship between noise 
equivalent power (NEP) and noise equivalent signal charge (IJES) since we use 
the former in subsequent discussions . It can be shown ihat 

1 1 

NEP, 

■ / 

c 


'7 


where 


-19 


,hc . 1,98 X 10 , , rToules i , ^ r l 

X X - 

O C 

ri ' - quantum efficiency [electrons/photon] at X 

c 

t^ “ integration time [ sec ] 

For example# using the conditions listed in Figure 4-1 with t]= 0.1 at 
1 ixm and assuming correlated double sampling to eliminate reset noise (see 
section 4.1.3) is employed, then 

NEP (K = 1 ixm) - 1.1x10 ^^wA/Hz 
*^-6 2 

which is quite reasonable for this 1x10 cm detector element. 
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Figure 4-1 Summary of CCD Noise Sources (after Reference 3 ) 
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Referring again, to Figure 4-1 , we see listed the magnitudes and 
expressions for the components of the noise equivalent charge for -two CCD 
process technologies: surface channel end buried channel. Reticon uses the 
former in their CCPD 1024 device and Fairchild uses the latter in their CCD 131 
device. For the situation analysed in the figure, it is appareiit that the buried 
channel device’s major noise source is the dark current charge accumulated 
over the integration time when correlated double sampling is used to eliminate 
the reset noise. Consequently, as the figure shov/s, cooling the device is 
quite effective, since it reduces the current and therefore the noise equivalent 
charge associated with this process . 

Now suppose we reduce, in the above example, the integration time 
h:om 1/30 sec. to 880 irsec; increase the bandwidth from 4 MHs: to 7.5 MHz; 
and reduce the off-chip noise equivalent current from IpaA/Hz to O.SSpq/n/Hz, 

Then the resulting noise equivalent signal charge using the equations in Figure 
4-1 decreases from 100 electrons to 21 electrons, as follows; 

NES = [ (^1^) lo'* + (-^) 70 + 250 ] ^ 

p 

“ [ 264 + 131+ SlJ “21 electrons 

due to: dark current on chip off-chip 

preamp amp 

OBIGINAIi PAGE IS 
OP POOR QUALI^ 

This result indicates that the predominant noise source under these partic- 
ular conditions is the dark current noise. Since the signal charge build-up is 
directly proportional to the integration time and the noise equivalent charge, NES, 
is essentially proportional to the square root of this time, then the S/N is 
proportional to the square root of the integration time , This fact is exploited and 
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discussed in detail in section 4. 4. 1.3 . The conditions used for this calculation 
were specifically selected since they correspond to the worst case situation for 
the AMS as discussed in section 4.1.4. 

Another type of noise that is prevalent in a CCD is pattern noise. This 
noise manifests itself as a non-uniform spatial pattern "riding" on the output of 
each video sample from the array . It has a fixed portion usually produced by 
clock feed-through and bias charge voriatioi^; it also has a variable portion 
produced by dark current non-uniformity. The effects of this noise source on the 
processed video signals are minimized through the choice of appropriate sampling 
times and through direct removal in the ground data reduction process which is 
discussed in Section 6.2. 

Although the above discussion concerned itself with CCD's, CID's also 
exhibit similar noise properties because of the similar process by which signal 
charge is detected. However, the output capacitance of a CID is the capacitance 
of the row and one column if all other columns are floated during the readout 
process . The output capacitance of a CCD, on the other hand, is only the capaci- 
tance of a reversed biased diode. Therefore, for a similar on-chip preamplifier 
configuration, the CID readout is noisier than that for a CCD and Is probably 

preamplifier noise limited. Correlated double sampling, as discussed in section 

KT 

4.1.3, may also be used for CID's to eliminate noise and l/f noise. 

Unlike the short wavelength detector arrays , which see no background 
generated photon noise, the long wavelength detector arrays, whether monolithic 
or hybrid, are sensitive to this background radiation and generate significant 
photon noise. In such cases it is the goal of the detector and system design to 
achieve background limited performance (BLIP) , For an Siiln extrinsic silicon 
CCD detector, for example reported in reference i8i BLIP was nearly attained in 
a 16-eiement time delay integratton (TDI) mode. For a linear array, it is expected 
that this early array design would be a factor of 4 away from BLIP behavior. 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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4.1.3 Correlated Double Sampling. 

Figure 4-2 shows the typical output circuit for a CCD array. After the 
voltage change associated with each signal charge in read ^ the gate node is reset 
to some voltage through the MOSFET switch. Since the switch has resistance ^ 
the Johnson noise produced by it appears across the capacitance associated with 
the node. When the switch is opened, a sample of this noise is stored on the 
capacitor. This noise voltage has been shown to be equal to (Ref. 3 ) 


V 

nc 



(1 - e 


-2t/ 


RC 


) ] 


% 


where 


K == Boltzmann's constant 
T ” absolute temperature 
C = node capacitance 

R - resistance associated with node, with switch open. 


Typically, RO is on the order of 10 0 ms . If resetting the output node is 
performed at a 5 MHz rate, i.e. every 200 ns, then 



which is essentially constant over this period. This reset noise is sometimes 
referred to as KT/C noise. 

Therefore, to eliminate this reset noise from the next signal sample, that 
is , level B in Figure 4-2 , all we must do is measure level A and subtract it from 
level B. This procedure is referred to as correlated double sampling (CDS) . 

To implement CDS the circuit shown in Figure 4-19 is used. The clamp 
switch is closed during the period that the output node is being reset, and its 
capacitor charges to a voltage corresponding to the noise. When the next signal 
sample, B, appears at the output of the video buffer, the stored clamp voltage, A, 
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Figure 4“2 CORRELATED DOUBLE SAMPLING 
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subtracts from it, removing the KT/C noise. The resulting difference voltage is 
then sampled by a scmple/hoid circuit prior to A/D conversion. Since CDS takes 
■fche difference between two signals very close together in time, it also eliminates 
any 1/f noise present at the output of the array and buffer amplifier. 
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^.1.4 AMS Svstem-Desi.gn foF the Short Wavelsncrth Sensors 

In order to study the tradeoffs between the various optical and electronic 
system parameters and system performance for the short wavelength sensors , 
Figure 4-3 was prepared. 

Two CCD devices were investigated as port of this phase of the study; 
one is manufactured by Fairchild and the other by Reticon. The Fairchild 
CCD 121E detector array was used as the basis upon which Figure 4-3 was 
developed because of the completeness of the specifications associated with 
that device. But that device has 1728 detector elements as compared to the 
selected CCD 131 which is a 1024 element device. Since both devices are 
made by the same manufacturer and use the same technology, we have assumed 
that the detector parameters derived for one apply equally to the other, e.g. , 

NEP (121 H) = NEP (131). 

Although data provided by Reticon for their CCPD 1024 detector array 
indicates that its performance is superior to that of the Fairchild device 
especially at short wavelengths , there is reason to doubt the validity of some 
of the verbally provided data. Consequently, a conservative approach was 
taken and the AMS short wavelength sensor was developed about the CCD 131 
with adequate system performance being achieved as discussed below. 
Nevertheless, one of the first tasks during the next phase is to evaluate the 
performance of both the Fairchild and Reticon devices in a "side-by— side" 
test in a controlled laboratory environment. 

Referring again to Figure 4-3 , the major sensitivity parameter is 

2 

Aq 0 ; where A^ is the effective collecting area of the optical system and & 
is its resolution. This parameter is plotted along the X axis in the figure. 
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2 

Also identified on this qMs and plotted against A^ 0 is a range of optical 
T/noa . as discussed in Section 4.3 ,1 ,1 . Xhe T/no. is a calculated function 
of the detector area and optical system efficiency . That is: 


T/ = 


(OPT EFF) 


The detector area, d , for the CCD 131 is 13 iJ.m x 13 [am; as discussed in 
Section 4o3.4 the optical efficiency is expected to be approximately 50%. 


Using the data on the CCD 131 provided by Fairchild, see Appendix C 
the performance parameters shown in Table 4-2 were generated. These, in 
turn, were used to calculate the minimum signal-to-noise ratio for the sensor 
as a function of, 0 , see Figure 4-3. The S/N ratio is given by 



The minimum signal-to-noise ratio occurs when the V/H rate is maximum, the 

detector iNEP is maximum and the scene brightness B is minimum. This 

equation is plotted for two spectral bands, i.e,, X = 0.42|j,m and 

c 

= 0.8|j.m in Figure 4*-3, These bands were selected since they 
correspond to the minimum and maximum detector sensitivities under worst 
case conditions. See Table 4»2, In order to evaluate the ability of the 
system to measure a 1% contrast, B was set at 0.01 x and the resulting 
S/N plotted vs A^ 0 , However, before we use these results, the maximum 
integrator time, t j, for each detector element in the array must be considered, 
t j is given by: 
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where: E_ is the satoation exposure associated with the particular CCD 

^ 2 

device selected and d is the area of each of its detector elements. 

In addition^ it is a function of the maximum scene brightness B 

2 ■ 

Using Table 4-2 t, was plotted vs 0 for the worst case B- , 

^ X 0 max 

which occurs in Band 9 (“k = O.Sjxm). 

c 

Note too, that the integration time and the number of CCD photosites 
establish the A/D conversion rate. This is because the charge stored in all 
of the array elements must be transferred and read out in a time which must 
not exceed t^. Therefore for an N element array the maximum allowed A/D 
conversion time , t , is given by: 



where: N = 1024 for the CCD 131 . This parameter is also plotted in 

Figure 4-3. 

Now in order to maximise a sensor's signai-to-noise ratio, we would 
want the fastest optical system, i.e. , lowest possible T/no. However, 
without "stopping down" the system, making the optics faster requires that 
the detector element integration time be made shorter. This , in turn, requires 
a faster aigitization rate and a faster CCD clocking rate. 

The optical system developed in Section 4.3 for the short wavelength 

sensor has a T/no. of 1.1, which is as fast as is optically practical. Referring 

again to Figure 4-3 , we see that for this T/no. , the signal -to-noise ratio 

is 3.5:1 for the most sensitivie band, k = O.SjAmand 0.28:1 for the least 

c 

sensitive band, = 0.42iim, Since making the optics faster is not possible, 
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we can only improve the short wavelength signal -to-noise ratio by reducing 
the detector's NEP, all other things being equal. As indicated above/ this 
may be a realistic possibility/ if the Reticon CCPD 1024 array is as sensitive 
as the informally provided data indicates . However, until the laboratory 
tests comparing the performance of the two devices , as mentioned above , 
is complete we will assume the use of the Fairchild device. 

Consequently, under the worst case brightness condition and at 

- 0.4p.m, the minimum resolvable contrast (S/N = l) expected for the 
c 

AMS is 3 .5% . However, as the center of the spectral band moves toward 

0.8|Am, the contrast improves and is approximately 0.3% at. 1- = O.SiJim. 

c 

As was mentioned above, each photosite can accumulate only a 
certain amount of charge before saturation occurs . The charge buildup in 
the photosite is a direct function of the integration time, t scene brightness , 
B, and the temperature of the array. 

For the T/1 . 1 optical system selected , the maximum allowable 

integration time, t,i- for the maximum scene brightness, B , is 100|xs. 

i max 

Correspondlingly , for a scene of typical brightness, B , the integration 

P 

time may be as long as 880 fis . As a result of these short integration times , 
the temperature of the array has negligible affect on the amount of charge 
accumulated due to photosite leakage current . 

At the end of the integration time, the charge accumulated in the 
photosites is dumped into a serial transfer register on the chip . As mentioned 
above, this charge must be read out in a time less than or equal to t ^ 

Since t ^ varies with wavelength, in order to have a constant readout rate 
for all sensors in the AMS system, we have used the shortest t ^ (which 
occurs at 0.4|JLm). Therefore, referring to Figure 4-3 , we see that for 
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the T/l .1 system the readout rote correspoiods to 10 MHz, or each video 
sample occims in 100 ns , Since this analog video data is ultimately 
digitised ds described in Section 4,4,2, the A/D converter must also convert 
each sample at a 10 MHz rate . 

As indicated above, the Fairchild CCD 131 must be read out at a 
10 MHz rate in this application. Referring to Table 4'r*2 we see that for 
the Reticon device the maximum integration time is approximately three times 
longer than for the Fairchild device at the same center wavelength. This 
difference is due in part to the fact that the saturation exposure quoted for 
the COFD 10 24 device is approximately two times larger than that for the 
CCD 131 device and the area of the Reticon device is 1 .5 times larger. If 
we assume that this factor of 3 holds for the worst case spectral band, i.e., 

0 ,4|j.ra, then the read out rate would be approximately 3 .3 MHz for the 
Reticon device. This read out rate is approaching the maximum allowable rate 
for the device which is 5 MHs , This situation will also hove to be looked at 
carefully when considering the performance of the two devices in the next 
phase, . 

The signal-to-noise information plotted in Figure 4<*«3 was derived 
firom the data in Table 4" 2, As indicated in Table 4-2 , the signal-to- 
ndise ratio is the ratio of the minimum signal power to the detector NEP at 
a particular wavelength. The HEP is derived from detector information 
given on its spec sheet, e.g., the noise equivalent exposure, NEE, the 
area of the detector, and the integration time used in the measurement of 
the noise equivalent exposure . In addition, there is a ten.i that is referred 

to as the noise bandwidth (NEW) , tVhe noise bandwidth is equal to ~r~ . 

■ 2 t- . 

This equivalency stems jhom the fact that the data output from each photosite 
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is Sampled converter once every tj. seconds and stored in memory . 

iMs process is equivalent to that of an analog sample and hold circuit which 
is ; updMed every transfer function of this type of circuit is 
equivalent to that, of c ^iiter which has an equivalent noise bandwidth, 

llBWi eciualto 


As discussed in Section 4. 4. 1,3, averaging the output of each detector 
element over the dwell time , results in a S/N which is equivalent to that 
which would have been produced if the array integration time, t^, were allowed 

to 63d:end to T, Therefore, the S/N calculations which ore presented in 

^ 1 
Table 4-2 use an equivalent noise bandwidth of TTTT'. Since T, is equal 

0 “ ^ 
to , where $ is the pixel resolution and V/H is the V/H rote of the 

aircraft, then the expression for the S/H in Table 4-2 equates to that in 

Figure 4-3. 
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4.1 .5 AMS System Design for the Loner Wavelength Sensor 

The optical design of the long wavelength sensor module i- which is 
described in Section 4.3 .9/ achieves the same GO® field of view as had been 
achieved for the short wavelength sensor. The long wavelength design is 
based on the availability of a detector array with 512 elements, 4 mils by 
4 mils in area and on 4 mil centers . This geometry corresponds to an optical 
resolution of 2 mrad for each element in the array. The optical design in 
Figure 4-12 just achieves this resolution and consequently linear detector 
arrays, if (available, with, larger numbers of elements would not result in any 
higher optical resolution. 

Eased upon the information available at this time on long wavelength 
detector (xrrays, see Table 4-1, we believe that the 4 mil, 512, element array 
represents a realistic size that certainly will be available in 1980 era. 

The major difference between detector arrays operating in the long and 

short wavelength spectral regions is the level of background radiation present. 

If we assume that most objects and natural scenes that the AMS vrill view 

hove an average temperature of 300‘’K, then a black body at this temperature 

will emit radiation equivalent to that of the background. Consequently, the 

background radiation emitted in the short wavelength region below, say, I jim 

will be quite negligible; but increases rapidly as the spectral bandpass of the 

sensor moves toward longer wavelengths . For e:x:ample, the radiant emittance 

6 

of a 300°K background at 10 [Am is over 10 greater than at 1 iim. 

This long wavelength background radiation generates signal charge 
in the detector array which for these long wavelengths and large fields of view 
may totally mask the dark current in each detector element. As was shown in 
Section 4.1.4, it was this detector dark current which produced the predominant 
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system noise. In the case of the long wavelength detectors, it is the back- 
ground current which contributes to system noise and as a design goal 
predominates it producing BLIP behavior. 

One other aspect of the large background generated signal is that its 
charge adds directly to the leakage current charge and consequently may limit 
the maximum integration time, tj, of the detector array. Since most of the 
literature on long wavelength devices is sketchy to say the least, probably 
due to its present developmental nature coupled with its confLdential status, 
the saturation charge capacity or alternately the maximum exposure time is 
barely mentioned. Of the literature listed in Section 9.0, only one reference 
(23) cites this parameter. It is stated for several monolithic devices; one being 
an InSb device operated at 77 over a spectral band of 3 .5 with a 

30 ^ FOV. Under these conditions tj is 5.8 msec, as determined by the back- 
ground level. 

Since the integration time is directly proportional to the elemental 
detector^s field of view (solid angle) , then for a 2 tt steradian field of view, 
the maximum integration time would become: 


For this particular device# the leakage current generated charge would 
saturate llie device in 2.1 sec. Consequently as expected, the background 
radiation determines the maximum integration time . 


5»8 ms 
197 (iS 


2tt 
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Alternately let us consider a hybrid device. We will assume operation 
in the 8 - 14 pm window region using a photovoltaic Hg CdTe detector array 
coupled to a silicon CCD. This is a common arrangement. 

If we assume that the active area of each element in the CCD array 

is 50% of its total area, than for a 25 pm square element its active area is 
2 

3 .13 X 10 cm * The maximum charge density of a CCD is set by the 

13 2 

dielectric strength of the Si Q gate insulator and is 10 el/cm . Con- 

sequently, the resulting saturation charge of the CCD array is 3 .13 x 10 

electrons . If each element of the Hg Cd Te detector is 4 mils square , then 

-4 2 

the total area of each element is 10 cm . As indicated in Reference 12, 

G similar device had a background current of 200 nA for a 180® FOV. Now 


200 nA 


2 X 10 


C 

sec 


2 X 10 

1.63 X 10 


_eL 

sec 


1,23 X 10 


12 


el 

sec 


Therefore, the maximum integration time for this device is: 


t 


I 


3.13 X 10^ 
1 9 

1.23 X 10 


= 2S.4psec. 


If the area of each element in the CCD were Increased, thus increasing 
its charge capacity, or if the leakoge current of each Hg CdTe detector is 
reduced, then would increase proportionately. 

In any event, the maximum integration time here is not too different 
than the 100 ps used for the short wavelength sensors, see Section 4.1.4. 






i^TTTtT^ 
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However, whereas the maximiim brightness B in the short wave- 

max 

length scene set the maximum integration time, it is the background radiation 
that sets it in the case of the long -wavelength sensors . Therefore in order 
to process the scene variations in the 2 mrad field of view of the long wave- 
length sensor riding on this background level, signal subtraction must be 
performed. But care must be taken in this process because the usual non- 
uniformity between detector elements in the array may produce artifacts in the 
processed signal that are larger than the scene variations. 

For a 0 change in scene temperature at 300 °K in a spectral region 
&:om 3 ,5 M*m - 4.2 fjim, the signal produced at the detector -with an f/l .5 optic 
will be 0.1% of the background radiation in the same spectral region. Similarly 
for the 8fim - 14[i.m region, the signal is only 0.02% of the background radiation. 

Therefore, if the signal processing is to measure these signal variations, 
a level must be subtracted from the signal output of each detector element, 
which results in a signal difference, wherein the signal variation is made 
larger than 0,4% (corresponding to one LSB of the 8 bit A/D which follows) , 

This subtraction process ^viil be done digitally by storing the required 
levels to be subtracted in a ROM Gread only memory) and using a high precision 
DAO (digital to axialog converter) to perform the actual subtraction at the buffer 
amplifier input, see Sections 4. 4. 1.2 and 4. 4. 2. 2. 

In order to quantitatively determine long wavelength sensor system 
performance, we shall calculate the noise equivalent temperature difference, 
NET, for detector arrays in the 3,5 -4,2 jxm and 8 - 14 jam regions . The NET 
will use those sensor parameters established in Section 4.3.9 ais follows: 
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MET = 


yAjTSwT 

2 

0 T) D* 


where: 


A. 


= Effective area of collecting optics " 7.9 cm^ 


^ IFOV == 4 X 10“® star 

0 

= Optical efficiency including obscuration - (O.S) {0.9S) = 0,37 


AT 

= Slope of 300“K blackbody 


= 1x10® Y“- , 3.5 - 4.2p.m 

w/cm -ster 

” 5 X 10 ^ , 8 - 14iJ.m 

w/cm^-ster 

D* - 1 X 10^*^ cm^ w ^ (Typical both regions) 

2 ■"4 2 

A , “ Area of elemental detector (4 mil) - 10 cm 

o 

= it = 

a 

Mote that the noise bandwidth is the sa ne as that in the short wavelength 
sensor case because the predominant noise source is the detector noise and 
digital averaging will also be performed, see Section 4,1,4. Hence: 


MET - 0.1“K , 3.5 - 4.2iJ.m 

5 X 10“® “K , 8 - 14|JLm 

These METs are quite low even though a conservative D* was used in 
the calculation. This result, points out why electronically scanned CCD detector 
arrays ate superior to their eJectro-mechanical counterparts . it is due to the fact 
that the NEW for the array approach is much lower than for the mechanical approach. 
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Methods of St 


ral Isolation 


The study of spectral isolation methods could be a very extensive one 
if complete aiid in-depth coverage were attempted (Ref, 10.25) . Consequently 
in this section, we will examine only those methods which apply to the AMS 
application with a view toward determining their advantages and compatibility 
with linear detector arrays covering large field angles . 


In. general, optical spectral isolation can be divided into dispersive 
and non-dispersive methods . In dispersive methods an optical element 
deviates the path of a beam of polychromatic radiation tiirough an angle 
which is a function both of the wavelength of the components of the beam, 
and the angle of incidence of the original beam. The latter fact means that 
the original beam must have small divergence, which in turn means the object 
space must be imaged onto a small field stop, such as a slit, before dispersion. 


This possibility was pursued, with the though*, in mind that the scanner 
collecting optic could image a swath on a slit in the focal plane, and then 
the. slit would be reiraaged on a number of detector arrays. In principle, 
this would permit the use of many detector arrays with only one, or a few, 
collectors and dispersion elements. In fact, it turned out that, after passing 
through the slit, the divergence of the rays behind the focal plane made the 
scheme impractical except for very small arrays , of the order of ten elements . 
Thus, to cover 120° across the flight path, very large numbers of collector 
optics and/or dispersion elements would be required. Also the secondary 
optics required behind each focal plane to redirect the dispersed energy to the 
detector arrays became prohibitively complex. The conclusion is that 
dispersion elements , as a means of using common collector optics and 
multispectral detector arrays is not practical in other than narrow field- 
angle systems . 
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Non-dispersive spectral isolators include absorption filters and multi- 
layer interference filters . Absorption filters are relatively low resolution 
devices , transmitting comparatively broad regions of the spectrum and 
absorbing the unwanted remainder » They depend on the intrinsic absorption 
properties of the bulk material of which the filter is made , While some 
flexibility of bandpass , wavelength and shape can be achieved by stacking 
and/or varying thicknesses / in general sharp cutoff narrow-band filtering at 
specified wavelengths cannot be achieved with absorption filters , Interference 
filters, on the other hand, can be manufactured to meet exacting requirements 
of passband and transmission, far superior to those obtained by absorption 
filters. Multilayer filters with high transmission, narrow pass -band, sharp 
cutoffs and wide regions of rejection get quite expensive. However, for 
applications such as the AMS, which requires only moderate resolution, 
these filters are quite practical. Combinations of interference filters and 
absorption filters can be employed, where the out-of-band rejection is 
accomplished by the inexpensive absorption filter. This tends to simplify 
the design and complexity of the interference filter, reducing costs. 

Absorption type filters are also subject to changes in transmission 
when exposed to strong ultra-violet radiation. Kodak Wratten filters , for 
example, are less stable than color glass filters such as the common Schott 
and Corning types , The tendency of the filters is to increase in opacity 
with exposure. Filters of this type have been in use for many years and 
information about the susceptibility to "solarisation" is available from the 
manufacturers . 
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Both absorption and interference filters are also subject to changes 
in transmittance with changes in temperature . For certain Schott filters 
(Ref, 10), the shift is of the order of 1 1 per kelvin toward longer wavelengths 
with increasing temperature , between 10° and 90 °C, Interference filter 
passbands are also shifted to longer wavelengths as temperature increases . 
The displacement is smaller thaii for color glass filters# of the order of 
5 X 10 ^ perkelvin# where is the nominal# or peak-transmission wave- 
length. In both types of filters when the bandpass is moderate to wide, the 
effect is slight and a first-order correction with temperature should be 
adequate . 

The shape and position of the filter bandpass also changes with angle 
of incidence in both types of filters. Again# however# the effect is small 
for filters of moderate passband and when the angle is less than 5° from 
normal# it is negligible. Thus as described in Section 4. 3. 8, 3# the optical 
surface was selected for the interference filter coating with the need to 
minimize the incident angles in mind . 

Ckher methods of spectral isolation were also considered. These 
included polarization filters , Christiansen filters # reststrahlen reflection 
plates, scatter plates , conductive screens, interferometers# and spectraliy- 
selective detectors . 

The first five of these are similar in function to the absorption and 
interference filters already discussed, in that they transmit a desired spectrel 
interval of radiation while rejecting the rest. The mechanism of rejection is 
different# but there is no advantage in cost or performance in the AMS 
application. (Reference 10 gives succinct, practical descriptions of the 
principle and performance of these filters.) 
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Interferometers and spectrally-selective detectors are different in 
kind from the other spectral Isolation methods discussed. Since these are 
conceptually attractive , some time was spent in considering their 
practicality . 

The principle of the use of an interferometer in multispectral scanning 
can be described as follows: Suppose that a Michels on interferometer with 
a large collecting optic and a detector with wide spectral sensitivity were 
aimed at nadir from an aircraft. If the Michels on was scanned in path- 
difference) rapidly, a series of interferograms would be generated at the 
detector output . The Fourier Transform of each of these interferograms would 
be the spectrum of the ground area that the detector was pointed at during 
each scan interval. From these spectra a number. of strip maps one detector 
fieid-of"View wide could be made. The number of maps would depend on the 
interferometer spectral resolution and the region of spectral sensitivity of 
the detector. Now, if a number of additional detectors were lined up in a 
linear array in the focal plane of the interferometer, we would have a push- 
broom interferometric scanner, capable of producing a complete set of flight 
strips in all of the resolved spectral regions simultaneously. 

This is the ideal , but examination of the practicality shows that the 
optical problems of bsajmsplitting , path changing, recombining and then 
introducing the radiation to an array of detectors covering, say, 30° to 60° 
is prohibitive . Second , the data rate and sampling requirement becomes 
impossible with today's technology. And finally, it appears that unless 
essentially all the spectral information is needed, interferometry is not 
worth while. That is, if only a small number, say 10 or 20, spectral channels 
are required, 'die interferometer has little or no sensitivity advantage and a 
great number of optical-mechanical difficulties . Therefore , the interferometer 
concept was abandoned , 
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As for spectrally'-selectlve detectors, the attraction there would be to 

avoid the expense, installation, and losses due to i^lters . There are several 

mechanisms possible in producing spectrally-s elective detectors. One is 

» 

the u.se of materials with different band -gaps as the junctions of a diode. 
Essentially, long wave radiation is transmitted, producing no signal; short 
wave radiation is absorbed before it reaches the junction, producing no 
signal, but intermediate wavelength radiation is absorbed in the junction 
producing hole-election pairs and thus a useful signal. Ideally then, having 
produced such detectors, they would be assembled (or produced) in arrays 
and the band-gaps would be "turned" either electrically, thermally, or 
magnetically, to produce spectral sensitivity in the desired region. 

As of 1978 , it is unrealistic to expect the useful production and 
availability of such detector arrays in the near future . While on a laboratory 
basis , these detectors have been produced in single units , no demand has 
materialized to encourage manufacture. 

Therefore, our conclusion is that conventional broad -spectrum detector 
arrays used with interference filters for spectral isolation is the preferred, 
practically available , state-of-the-art choice. 
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4 .3 Ootical Design 

The candidate optical designs for both the short wa-v^elength and long 
wavelength sensor modules are shown in Figure 4-1 0 and Figure 4-12 
respectively. In the following sections the various tradeoffs , problem areas , 
and design considerations particular to these designs are discuss ed and 
rationale, given for theii' choice . Table 4-3 summarizes these designs . 

4.3.1 General Specifications for Short Wavelength "Sens or Modules 

Spectral Coverage 0 ,4 toi .0 p.m 

Total Field of View Desired 12G'’ (achieved in two 60® sensor modules) 
Resolution ' 1 milliradian 

f/no. f /O . 8 

4.3 .2 Discussion of Design Tradeoffs v 

The basic optical element which allows both large field angles and 
high res biutiondt low f numbers is the spherical reflector. The reason for 
this property is that the sphere has no particular optical axis as shown in 
Figure 4-4 , Consequently, spherical aberration is the only aberration 
which occurs for directions .A. and B in the figure; this aberration is independent 
of field angle f* 

Fortunately, spherical aberration can be higlily corrected while main- 
taining independence from field angle by using refracting shells which are 
concentric with the spherical reflector as shown in Figure 4-5 . The shell 
introduces very little negative power into the system, while the negative 
surface of the shell introduces spherical aberration opposite to that caused 
by the spherical reflector. As a result, such a system can easily be corrected 
to a X miilifadian resolution for an f/0 .8 optical speed . This was in fact 
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done^ and the resulting? spot diagrams appear in Appendix B. 

Because a spherical reflector introduces less spherical aberration than an 
equivalent refracting element , no systems which us ed refractors only were 
considered in this study . 

Although a 120° field of view was desired and is possible, the system 
stop will cause considerable vignetting (5 0%) at the field-extremes as shown 
in Figure 4-6 . Consequently, it was decided to limit the total field of 
view Of each sensor to 60“ with an attendant 13% vignetting at the field 
extremes which was considered quite tolerable . Therefore , two s ens or 
modules would be required to cover the full 120“ field of view, 

4.3.3 CCB/Optics Interface 

If a curved array of detecting elements could be found and used at the . 
image surface, the basic optical system design concept would now be complete. 
However, silicon wafer technology does hot presently lend itself to fabricating 
non-planar geometries. In fact? presently available CCD image devices, like 
the Fairchild CCD 131 and the Reticon CCPD 1024, are available only in 
standard “dual in line" (DIP) packages . As a result, each CCD array is 
straight, flat and is surrounded by an obscuration-producing substrate, lead 
assemblies , etc . , which makes it unsuitable for mounting directly in the 
image surface as shown in Figure 4-5 . Thus a means of field flattening 
must be implemented . Three field flattening techniques were considered: 

(a) refiractors , (b) reflectors , and Cc) fiber optics , 

The refractor approach quickly fails due to the very low f number 
desired. This approach works well for highly corrected multi -element 
photograph objectives where each element contributes a little to field 
flattening,. 
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The reflector approach easily flattens the field but difficulty is 
experienced in secondary mirror obscuration, A reflector flattener system 
could be developed/ but with somewhat slower optical speed/ power/ and 
resolution than the fiber optic approach which is described subsequently. 

However/ as discussed in Section 4.3.6 , the reflector approach is the 
only practical approach for the long wavelength sensors . 

4,3.4 Fiber Optics Field Flattening Approach 

The basics of the fiber optics approach are shown in Figure 4-7 . 

Since the fiber optics bundle is a thin blade in the plane of the paper/ very 
little light is blocked out of the entrance pupil by the fibers . The blade 
could be supported by thin stalks perpendicular to the plane of the paper. If 
fiber optics were available for the entire required spectral coverage (0 .4|J.m - 14i4.m) / 
then this field flattening technique could be used for both the long and short 
wavelength sensors. However/ at present/ only short wavelength coverage 
can be accomplished with the above fiber optics system. In the near future, 
it is expected that IR fiber optics will become generally available. In the 
meantime/ an alternate and practical optical design approach for the long 
wavelength sensors is necessary and this approach' is described in Section 4 . 3 . 6 . 

Figure 4-8 is a sketch of the fiber optics array required as part 
of the focal plane assembly for the short wavelength sensors , Two fabrication 
problems ore anticipated. 

The first is the arrangement of the fibers with their axes lying along 
radial lines in the focal surface while maintaining an adequate packing and 
mating factor; the significance of this problem is as follows : 
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The f/0.8 optical speed represents: an acceptance angle of 72®. H 
the ends of individual fibers could be square to the optical axis, all of the 
f/0, 8 bundle is easily accepted . i^t the ends of the field , the fibers will 
have to be tuimed sornewhat to face, the f/0.8 bundle or else the acceptance 
angle will be exceeded With los s of light in the cladding as shown in 
Figure 4>-9 . Wedgi^^ of a fiber reduces the acceptance angle 

for one Side of the f/0 , 8 bun^^ 

The .second problem was the mechanical interface between the CCD 
detector array and the fiber optics bundle . Since the optical rays leave the 
bundle at a divergent angle, the fiber ends must be situated closer than 1/2 
the elemental detector width {6-.S {im for the CCD 131) to the detector surface 
so as not to result in significant energy spillover and sensitivity degradation.. 

As the letter in Appendix C reveals, we have contacted Galileo, Inc, 
of Sturbridge, Mass . , manufacturers of fiber optics to review the above 
requirements and obtain a quotation for this fiber optic array. As indicated, 
a positive response as to the array’s manufacturability was obtained using 
13 H-m square fibers arranged in a line array. {Their response applies to ISfim 
fibers css well.) The above-stated requirement for fibers lying along radial 
lines will be achieved by slitting one edge of the fiber bundle into a discrete 
number of flat elements as shown in Figure 4-8 . The end of each flat 

element is then ground into a cylindrical radius of 1 .3 cm. Each element is 
then epoxled parallel to a radial direction with the bundles overlapping as 
required to allow clearance for the converging bundles . With this approach, 
the end fibers in each elemental bundle will only be a few degrees from the 
radial o4entation, thereby minimising the loss of aperture in the converging 
optical beam, due to rays escaping through the cladding in the fiber. 


4-28 


Project 2738 


Regarding the interface between the fiber bundle and the CCD otTay: 

In discussions that we have had with Galileo, they have suggested that the 
fibers could physically touch the CCD elements and/or be optically coupled 
to the elements (i.e. , "immersed") by using a transparent epoxy. The final 
approach will be decided upon in the detailed design phase . 

In view of the above discussion, we believe the fiber optic focal 
surface transfer element is a practical component for incorporation into the 
candidate short wavelength sensor module. It is further noted that as a result 
of the fibers being the same size as each photosite in the CCD array, that the 
MTF of the system will not be influenced by the fiber optic transfer element. 

In addition, it is conservatively estimated that the optical efficiency of the 
fiber optic will be 50%. Consequently, the effective f number or the equivalent 
T number of the system, given f/O.8, will be at worst: 


T/ 


0.80 

n/?75 


i.i 


4.3.5 General Specifications for Long Wcvelenoth Sensor Modules 


Spectral Coverage 
Total Field of View 
Resolution 
F Number 


1 .Ofxm to 14}JLm 
60° 

2 milliradian 
f/1.5 


4.3 .6 Discus.sion.of Deslaa-Tradeoffs 


As mentioned before, long wavelength infrared transmitting fibers are 
not currently available . However, it is worth noting that Hughes Aircraft 
Company is presently working on classified research programs on IR trans- 
mitting fibers which use poiycrystalline core techniques and which cover 
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the visible through 35 |J.m spectral regions , Since these fibers are pushing 
the state-of-the-art at present, we have elected to present the more 
conservative reflective field flattening approach for the long wavelength 
sensor. When long v/avelength fiber technology matures , then the sensor 
approach defined for the short wavelength sensors may be directly utilized 
with its advantages of higher resolution and lower f/no, 

Qf the several possible arrangements which use .a reflecting field 
flattener, the approach shown in Figure 4-11 presently appears most 
promising , 

The flat first surface reduces the input field angle presented to the 
second surface without introducing any aberrations to a collimated input 
bundle. The second surface then acts as a spherical reflector in the same 
manner as discussed for the short wavelength design. The bundle reflected 
from the second surface is again reflected from a field flattener coating 
imbedded in the refracting medium, A narrow slot in the reflecting coating 
of the second surface allows an escit bundle to form a flattened image plane 
with a lower f number than that reflected from the field flattener coating. 

In this manner, aberrations are held to a minimum without resorting 
to correction surfaces . The negative curvature of the field flattener does 
, remove some spherical aberration caused by the second surface but at the 
larger field angles it introduces off-axis aberrations which can only be 
reduced by means of auxiliary correction surfaces not shown in the figure. 
As shown in Appendix B , this system has a 2 milliradian blur circle for 
an t/l .5 exit bundle . 
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If the field flattening coating is a 50-50 beamsplitter/ 75% of the 
input energy is lost. As shown in Figure 4-12 □ more efficient method 
uses a 100% reflecting strip which cuts a slot in the entrance pupil. This 
will reduce the loss to approximately 57%, A combination method which uses 
50 -50 'and 100% reflecting strips can reduce the loss to 50%. The effective 
f/no, or I/no. is then: 

Other tradeoffs are possible which could produce approximately T/2.S at 1.5 
milliradian resolution. This system would require correction surfaces which 
produce off-axis aberrations opposite to those caused by the field flattener 
in order to reduce the blur circle for 60 ® input field angles . There is evidence 
that combinations of various refracting media would be needed to achieve 
this end. In addition, there is not a wide variety of material available in the 
long wavelength regions for all-weather, easily fabricated systems . 

An elaborate multi-element corrector on the style of a low f/no. wide 
angle photograph objective is considered to be unsuitable for purposes of this 
study. Thus different types of optical corrections produce different types of 
point spread functions which might have "needle-nose" tops with wide skirts, 
etc. These point spread functions are more satisfactory for photographic 
purposes than for long wavelength sensors . The wide skirt of such a point 
spread function presensitizes the film in photograph systems , while in the 
long wavelength case, it produces noise. Choice of the final correction 
configuration will be selected during the detail design phase. 

4*3.7 Opto-Mechanical Considerations 

In this section we address the practical mechanical and material 
aspects in implementing the optical design into a realizable sensor for both 
the short and long wavelength regions , 
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Figure 4-10 shows the construction of the candidate short wave- 
iengtli sensor. It shows a feasible mechanical packaging of the fiber optics 
and the concentric corrector shell approach which was discussed in the 
previous sections , The diagrams of the basic elements which were referred 
to those discussions closely parallel the final design shown in Figure 4-10 
For this sensor module/ the optical material will be Pyrex glass for the mirror 
and a suitable high index glass such as Schott SF IS for the Bouwers corrector 
shell. Since all surfaces are spherical and the optics dimensions are relatively 
small as shown in the figure, no significant fabrication problems relative to 
the glass elements are anticipated. 

The spheJTical reflector and corrector shell are mounted in a lens cell 
forming a complete subassembly which moves as a unit when aligning the 
optical system to the fiber optics Input end . The spherical reflector and 
shell are aligned to each other by shimming these optical elements in the 
lens cell . This "hard adjust" is much more stable and permanent than 
adjusting screws , especially in a shock and vibration filled environment 
such as would be experienced in an aircraft. A special set of alignment 
procedures is not offered at this time. However, Section 5.3.1 discusses 
general concepts on vajiious alignment methods and procedures . 

Interference filters are used to select a narrow band in each spectral 
region. Since these filters have a small acceptance angle, they should be 
deposited on one of the curved surfaces of the candidate optical system 
instead of using a separate plane surface window. This will allow these 
filters to operate efficiently at large field angles . To avoid unwanted 
spectral wavelengths from filling the optical interior, it is best to use one 
of the corrector surfaces for the interference filter (see Figure 4-5 ), 

The interior (negative) surface is best for abrasion protection and minimum 
handling considerations . 


4 - 32 


Project 2738 


A flexible boot or an epoxy seal may be nsed between the output end 
of the fiber optics and the corrector lens cell so that all optical surfaces 
except the first (which acts as a window) would be sealed from moisture and 
dust. This seal could be made flexible enough to accommodate changes in 
barometric pressure without the need for breathers and driers , ' Alternatively/ 
the entire sensor could be installed in a separately sealed container with a 
window to include electronics in 'a sealed environment. 

Except for the long wavelength regions where fiber optics are not 
presently feasible/ the system shown in Figure 4-10 is the best approach 
for a “push broom" multispectral scanner. Any application of this system 
would involve routine developments which do not border on state-of-the-art 
techniques . There is not, however, a specific mechanical packaging which 
would be ideal for all wavelengths . Most systems would be based upon the 
design shown in Figure 4-10 but consideration of fine details would lead the 
final configuration to differ slightly for different wavelengths , Consequently, 
the amount of detail presented in Figure 4-10 is sufficient for purposes of 
this study, 

4,3.9 Long Wavelength Sensor Design 

Figure 4-1 2 shows a practical mechanical implementation of the 
long wavelength sensor modules incorporating the reflecting field flattener 
approach discussed in Section 4.3,6 , In general, many of the mechanical 
aspects and alignment adjustments are similar to those discussed for the 
short wavelength module . Two notable exceptions are the selection of long 
wavelength materials because of the thickness of the optics and the need for 
cryogenic cooling of the CCD detector array. 
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The "solid reflector" optical design shown in Figure 4-11 for the long 
wavelength sensor modules is composed of relatively thick elements . In order 
to minimise attenuation of the long wavelength energy by the relatively thick 
optics r an optical material with low bulk absorption in the 3 -Sfxm end 8 -14 urn 
regions is required. The design shown in Figure 4-12 has been ray traced 
for a refractive index of 1 . 7 , which is representative of various long wavelength 
transmissive, low absorption optical materials . See Appendix B . 

In the 3 -5}xra wavelength region, several materials can be used: sapphire, 
calcium fluoride, or barium fluoride. All of these hove low bulk absorption in 
this wavelength region and have good optical fabrication characteristics and 
good environmental durability. In the 8 - 14fxm region, the choice of materials 
with low bulk absorptivity is more limited and unfortunately, many of these 
materials, such as No Cl, KC 1, KBr, Cel and KI are hygroscopic. The only 
other materials exhibiting low absorption in the 8 - 14jj,m region which are not 
hygroscopic are germanium, ZnSe (IHTRAN 4) and GdTe (IRTRAN 6). However, 
germanium is relatively expensive and must be antireflection coated to 
maximise its optical throughput;' ZnSe and CdTe are even more expensive and 
have an index of 2.4. pTorthermore , an optical system using the "solid 
reflector" concept shown in Figure 4-13 when implemented in germanium 
{index - 4), becomes very thick, which makes it both expensive and heavy, 
in addition to which, the long optical path theough the germanium will result 
in some attenuation of the 14nm radiant energy. 

In the event that any of the hygroscopic materials are used, the 
evacuation seal will be placed at the entrance aperture of the system, where 
a relatively thin germanium or ZnSe window can be located to define the 
vacuum-air interface for the dewar. Alternatively, if germanium or ZnSe is 
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used for the optics the vacuum-air interface will be situated just ahead of 
the detectoirtrrray so that the germanium or Zn Se optics will act as the dewar 
window. The final choice of material for the optics will depend upon a detail 
tradeoff study to be conducted in the design phase for the instrument using 
such considerations as; ray-trace-determined optical res elution # manufacturing 
tolerances , vacuum sealing interface characteristics , relattve coating difficulties , 
and overall optical throughput. 
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TABLE 4-3 


OPTO-MECHAmCAL CHARACTERISTICS OF SELECTED 


SINGLE WAVELENGTH MULTISPEGTRAL SCANNER DESIGN 


ChcDracteristics 


Spectral Coverage 


No . of Spectral Bands per Sensor 


Means of Spectral Sorting 


Field of View Width per Sensor 


Max. Blur Circle Diameter 


Equivalent Focal Length 


CCD Detector Array 


Weight of Complete ^sy. 


Housing Material 


Field Distortion (0Map) 


Dewar Hold Time 


Short Wavelength 
Sensor Module 


0 .4 to 1 jj.m 


Interference Filter 


1 milliradian 


13 .3 mm 


lQ24f 13 [j.m 
square elements 


1 . 2 ihs , 


Al, Aly, 


2 % max. 


Long Wavelength 
Sensor Module 


IjA to 14 nm 


Interference Filter 


2 miliiradians 


52.0 mm 


512, 0.004“ 
square elements 


6.0 lbs 


Ai. Aly. 


2 % max. 
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4.4 Electronics 

In this section, we will describe the electronics design which is 
required to support each sensor module in the AMS system. A key feature of 
this design is its modularity which permits up to 24 sensor modules to be 
utilized at any one time. This artificial limit is set by the data handling 
cape ilities of the selected tape recorder; of course more than one tape 
system could be employed to provide additional capability. 

The purpose of this section is not to present a final electronics design 
for the AMS, but to provide a detailed systems description of the required 
electronics , along with system considerations , which may be used as a 
design guide in the next phase. 

Figure 4-14 is a block diagram of the overall AMS system. With regard 
to the electronics , it shows the relationship between each of the independent 
sensor modules and its post electronics and the portions of the AMS system 
that are common to all . Unless otherwise noted , we shall refer to a sensor 
module and its corresponding post electronics as if it were one unit called a 
sensor module. With very few exceptions, the electronics design associated 
with a short wavelength sensor module is identical with that of a long wave- 
length sensor module. However, these differences will be identified, as 
appropriate, in the sections which follow. 


As shown in Figure 4-15 each sensor module consists of a set of 
collecting optics , an in-flight calibration source, a CCD linear image array, 
a clock interface and temperature monitors . In the case of the long wave- 
length sensors , cryogenic cooling of the CCD array is also provided. The 
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corresponding post el^ consists of an analog video signal processing 

ohain, a digitcrl signal processing chain with roll and V/Hrate compensation 
and a Mock which formats the data prior to recording on tape. In addition, 
there is q timing and control block which provides all of the timing for the 
modhle ih synchroxhsm with commands and clocks sent from the common 
system controller. Housekeeping and BIT (built-in-test) data are multiplexed 
with radiometric data hrom the CCD array during the periodic in-flight calibration 
sequence. Each sensor module receives its dc power from the system power 
supply and locally regulates it. 

Again referring to Figure 4-14, the formatted serial data output of each 
.sensor module is fed to its uniquely allocated track on the system's multi- 
channel tape recorder. In addition to the 24 data channel inputs , the recorder 
stores lEIG time code information and the tape speed clock on two of its four 
available auxiliary channels , Other aircraft information relevant to data 
reduction may be stored on the other two channels . The recorder's tape speed 
is varied by the system controller in accordance with the aircraft's V/PI rate 
to achieve constant data packing density. The data stored on tape is sub- 
sequently reduced and analyzed in a ground-based computer facility. It is 
at this facility that the calibration data taken during the ground calibration 
of the system is applied to the data recorded during flight. 

In order to synchronize the operation of all of the sensor modules in 
the system, a common Microprocessor based system controller is utilized. 

Its clock is used as the system master clock. This controller accepts roll 
angle , TRIG time code and V/H rate data from the aircraft data interface . It 
uses this data to ultimately provide roll compensation and V/H rate correction 
for the data outputted from each sensor module , 
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One of the majxi tasks of the system controller is to support the user 
interfctce function shown in Figure 4-14. Although this function is not fully 
defined at this time/ some of its important, features are: 

(1) Allows monitoring gb-no go status of tape recorder channels 

(2) Permits mafiui. (. activation of an in-flight calibration sequence 

(3) Allows selection of in-flight calibration duration and frequency 

(4) Allows a health check of each sensor module in the system to 
be made 

(5) Displays various temperature monitor points, e.g, , detector 
array temperatures or reference source temperatures , etc. 

Periodically, the system controller places the system in an in-flight 
calibration mode . This is done either automatically or manually as mentioned 
above. In this calibration mode , a "sero'’ radiance reference is placed in 
front of each sensor module. This reference may take the form of either the 
protective aperture covers on the system pod or a reference “flag" on the 
sensor module itself. In addition, the system controller activates the in-flight 
calibration source in each sensor module and commands each module to 
multiplex in with the radiometric data housekeeping, BIT and temperature data. 

The electronic system considerations , detailed operation and inter- 
relationship between the various blocks mentioned above are described in 
the following sections . 
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4 . 4 . 1 Electronics System Considerations 

4.4.1. 1 Dynamic Range Considerations for Short Wavelength Sensors 

diffuse reflectance varies 

approMmately 2,3:1 oyer the short wavelength bands being investigated. The 

largest Gild worst case sensor irradiance B ' , from a CCD array saturation 

max- ■ ■ - 

point of view/ occurs in band 9 (K = 0 .81 urn) when the sun is normal to 
the scene (0 = 90°) and with 100% atmospheric transmission (r = 1) and 
while "looking” at a near perfect diffuse reflectance {p = l) . If maximum 
integration time tj is selected based upon this irradiance, then in order to 
just resolve a 1% contrast change in a typical scene (i.e. , sun angle 
“ 45°,. atmospheric transmission r= 0, 8, average scene reflectance 
p = 0,2 ) the dynamic range required is 884:1 . Since it would be desirable 
to digitise the data from both a signal processing and data handling point 
of view, a 10 bit A/D would be required. However as Figure 4-3 shows, 

the maximum allowable t,- for this worst case B condition is 100 fJ-s . 

: I . . max. - ■ . 

This, in turn, requires that the signal output corresponding to each pixel 
in the 1024 element array be digitized at a 10 MHz rate. Unfortunately, 

10 bit A/D converters with 100 ns conversion times to hot exist at present; 
however, S bit converters do. See Section 4.4,2 .1. 

Therefore, in order to accommodate this large dynamic range, while 

at the same time not saturating the GQD array photosites nor compromising 

the 1% (of typical scene) eontrast resolving capability of the system,, the - 
following approach is suggested; 


H 
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TABLE 4-4 


EXPECTED DIPFTJSE HEFLECTANCE IN TEE 
■ SHORT WAYEIENGTH SENSORS 


Band No. 

1 ■ 


!■■ '.(ftm) 




0-42 
0 .47 
O.Sl 
0.55 
0.59 
0,63. 
0.67 
0.72 
0.81 
0.99 


B ■ 

! E ** 

max 

./ . typ ■■ 

2 .. . »-3 

(w/cm -ster x IQ ) 

; (w/cm^-ster x 10 

1.05/ 

! V 'I.19/^^"^'- 

1 ■ . ' - 

CO 

1.62 ■ 

^ 1.75 ■ 

1.98 

1.59; 

1.80 

I ' 1.53 ■; 

1.73 

■ '1-46 / ■ ■■ ; 

■1.65.. ■ 

. ■■ ■■ 1.37 ■ 

1.55 

1.27 

1.44 

2.45 

2.77 

1.18 j 

1 

1.34 


Assumed solar flux density* at earth ~ 0.1 w/cm' 


B t Sun An^e 
max 

Average Earth Reflectance 


0 = 90 ® 
P = 1 

r ~ 1 


** B, : 0 = 45 ® 

. p - 0.2 


T- 0.8 
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4-39 

Each CCD 01 x 07 will be operated in an automatic exposure control mode. 
This mode of operation is realized by adjusting the integration time of the 
array in proportion to the average brightness of the scene, while keeping the 
readout rate constant. Naturally, provision could also be made for manual 
adjustment. This form of control is possible since the signal output of each 
photosite is directly proportional to tj . 

Suppose that tj is set near 880 |j.sec . so that under the typical scene 
conditions, B , (0 = 45°, r - 0.8, p = 0.2) the signal output of each 

Xy p 

pixel is near saturation. Then by digitizing each pixel output into an 8 -bit 

word, measurements with contrasts of at least 1 % may be realized. Now 

suppose that the avef.age brightness of the scene increases to the worst case 

condition B (0 = 90°, r = p = 1 ) , then the integration time must be 
max 

reduced to 100 ^s to prevent pixel saturation as indicated in Figure 4-3. 

To adjust the integration time, the pixel outputs of each line scan 
will be digitally compared to a threshold value . When the number of threshold 
exceedances goes above a given value, the integration time will be made 
shorter. A similar process will be gone through to increase the integration 
time for less bright scenes . See Section 4,4. 2.1. Due to the unpredictable 
nature of a scene, only two integration times are recommended, e.g. , 100 fas 
and 880 |jls . Manual selection is also possible . 

In order to allow data reduction to be performed with variations in the 
integration time, each data word stored on tape will contain an integration time 
tag as explained in Section 4. 4.1. 7, 
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. . The dynamic range required to be handled -^y the* signal processing for 
the long wavelength sensors is directly proportional to &e ratio of the maximum 


background radiation, B / to the noise equivalent radiance, NE&K. (Note: 

inasc' 


the NEAN is related to the WET discussed in Section 4.1,5 by the slope of 

AT 

the blackbody curve .) For the 3 . 5 irm - 4.2 irm band , the dynamic range is 
1000:1 for a 0 .1°K change, as indicated in Section 4.1.5. Similarly for the 


8 Jim. - 14 |jim band, the dynamic range is 500.0:1 . 


Thus in order to achieve a WET of 0.1°K or better using an 8 bit A/D 


converter, the background level must be subtracted to reduce the dynamic range 
to at least 256 :1. 


Since the 8 bit A/D converter which ultimately foEows has an accuracy 
of 0.4%, the level subtracted, Vg^g, and -die subsequent gain, G, in the video 
buffers must have the following relationship with the background, and 

the signal AV: 


° 'Vg * ~ ® 


This defines the gain G required provided the subtraction error is small. If 


the subtraction error {V_ 


Vg^B ) is e , then if we want to be 


smaller than 10% , then the background level must be matched to within one 


part in 5 X 10^ in the worst ease (8 - 14nm) . That is: 


e = 0.1 AV (0.1) (2 X lO"^) V^ 


e " 


5 X 10 






Hi 
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This result for an NET of 0.1 is not practically realisable because: 

(1) The adjustment cannot be done with 512 analog voltage divider 
bias networks for each detector array. 

(2) The speed requirements allow only a 12 bit resolution (one port 

in 4096) digital to analog converter to be used (see Section 4. 4. 2. 2) 

and (3) The background temperature will change that much even with a 
temperature controlled background . 

Therefore / it appears at present that only a l ‘’K NET may be realized even 
though the detector array per se is capable of more precision. However, this 
should be adequate for the AMS application. 

Note in passing that ac coupling, although inviting to consider and easy 
to implement, introduces a difficulty in that the true value of the signal is lost 
in the process . 
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4i4,1.3 Impact of CCD Noise Mechanism on Short Wavelength Signal Processlin 

It is established in Seotion 4. 1* 2 that the signal to noise ratio at the 

output of the OGD array for each photosite is proportional to the square root 

of the integration time, . It is further shown that this ratio is not 

degraded by subsequent wide bandwidth amplification since the major noise 

source is dark current noise. Consequently, one would be tempted to allow 

the integration time to increase to the full resolution element dwell time, T^, 

in order to moKimise the S/N, See T?able 4-5, However, as is shown in 

Figure 4-3 , pixel saturation occurs much sooner^ For the candidate 

T/l.l system and the brightest scene expected B in the short wavelength 

band (k = 0 .81 um) , the maximum allowable integration time is only 100 us , 
c 

Even for the typical scene , t^ = 880 [xs max. , see Table 4-5. 

Fortunately, as a result of the nature of the COD noise, these short 
integration times are not a limitation on system sensitivity provided that we 
integrate or overage the signals in each photosite over the entire dwell time . 

As a consequence, the integration time of the CCD may be made independent 
of the V/H rate dependent dwell time. This is quite an important result. We 
will, however, vary the CCD integration time with scene brightness to achieve 
a form of automatic exposure control as explained in Section 4.4*1. 2. 

This important observation can be seen as follows: If the signal at 
the end of an integration period is and the noise is , where = a tj. 
and Nj b a/^/ then the S/N at the end of the integration time is: 



If we now define m as the ratio of the dwell time, T^, to the integration 
time, tj, i.e., 






il 

Q 

fl 

D 

Q 
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then, averaging m signal samples and m noise samples gives: 

-a. T. 


S - m a 

m I h m ^ I 


m 


since the signals add linearly, and 


‘T 


M = 4m N_ = / i 4¥~ 

av I / ■fer ^ I 

m V I m 


m 


since the noise increases as the square root of the number of samples , 
Therefore, the signal to noise of the average is: 


/ ^ \ 
/ nJ 


av 


= 


which is the same result as had each piscel been integrated over the entire 
dwell time vrithout the photosite saturation restriction i 

As Table 4-5 shows , the number of averages , m varies with both 
V/H rate and scene brightness . Since we cannot average fractions of a sample, 
the numbers in parenthesis represent practical values . 

The required averaging is implemented digitally as described in 
Section 4,4«2.1. Basically, the averager consists of qn accumulator and a 
memory. 8 bit words from the A/D converter, which represent the signal 
outputs of each photosite in the CCD array, are added to the corresponding 
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pixels from, the last line which was previously stored in memory; the result of 
each addition is then retxarned to its corresponding memory location. After m 
cycles , the memory contains in each location the sum of the outputs for that 
pixel over the dwell time o 

The maximum bit length of the adder and the memory location is a 

direction function of m* The maximum number each memory location vi’ill 
8 

contain is 2 x m. Therefore as Table 4-5 shows, a 17 bit word is 
required to handle the largest case. Although the averaging process requires 
the sum in each memory location to be divided by m, this is done on the 
ground to reduce the burden on the sensor electronics , However, the word 
length associated with the final data in each memory location will be divided 
by 2 to shorten the word length to a convenient 16 bits . Before outputting the 
contents of this memory to the tape formatter, roll compensation as explained 
in Section 4 . 4 , i , 5 is applied , 

It should be mentioned that analog techniques for averaging were 

considered and discarded. First, classic analog averaging cannot be 

practically done because 1024 storage elements (integrators) would be 

required. Second, CCD shift registers similar to the CCD 321A by Fairchild, 

altliough having more than sufficient analog storage elements, cannot be 

used since they cannot, by themselves, accummulate over the required 

1 

signal dynamic range. ‘ Use of external attenuation, ” , to implement the 
averaging algorithm: 


1 

m 



1 


a. 


= ^ 
m 


a. 


m 



a 




m 


is not practical for large m because of S/N degradation. Thus digital 
averaging or actually, accumulation, is recommended* 
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TABLE 4-3 
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4. 4. 1.4 ItYipgnt of GGD Noise Mechanism and Background Radiation on 
Long Wavelencrth Signal Processing 

The subject of this section is adequately covered in Sections 4.1.5 
and 4.4, 1.2 respectively, with specific design recommendations described 
in Section 4. 4. 2. 2. In addition, many of the discussions pertinent to the 
short wavelength sensor signal processing apply equally well to the long 
wavelength sensors too. 
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Each sensor module , as shov/n in Figure 4-16 ^ is designed to cover 
a nominal 60° (58,7°) field of vtewj- this is true for either the short or the 
long wavelength sensors . In order to cover a 100° FOV, two modules must 
be employed. 

In the short wavelength sensors, the 100° FOV cortesponds to 1744 
pixels out of a maximum of 2048 . Similarly for the long wavelength sensors , 
the 100° FOV corresponds to 872 pixels out of a maximum of 1024. Thus for 
aircraft roil angles of less than or equal to .7° , roll compensation can be 
realized by simply deleting from the final data outputted from each sensor, 
as explained below, those pixels which lie outside the 100° FOV. Figure 4-17 
depicts this situation. 

As described in Section 4, 4, 2.1, the digital accumulator In each 
short wavelength (long wavelength) sensor contains in its memory 1024 (512) 
numbers each of which represents the sum of the signal outputs , over the 
dwell time, of a given pixel in the sensor's CCD array. Since the pixel 
locations to be deleted in the outputted data are a linear function of roll 
angle, then only the location in memory at which data outputting should end 
need be kept track of to implement roll compensation. For example, if the roll 
angle were 1°, then data in memory locations 855 through 1024 would be 
deleted in one of tlie two short wavelength sensors covering the 100° FOV, 
while locations 889 through 1024 would be deleted in the other. Thus a 
simple "look up" table stored in ROM, whose pointer updated once every 
dwell time, would contain the last addresses to be outputted from memory 
for a given roll angle. For the above example, these addresses would be 
854 and 888. 
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4. 4. 1.6 Output Data Rotes 

As indicated in Section 4. 4. 1*3, a required to 

preserve the S/W inherent iri the OGD data, collected over a ‘'scan" dwell 

time. iUthough the accumulator processes the data from an entire array/ i.e. , 

oyer the 60 ° FOV, it only outputs data corresponding to a 5 0 ° POV in accordant 

with the roll angle compensation discussion of Section 4 , 4 , 1*5 . Consequently/ 

872 data words are outputted from the accumulator for the short wavelength 

sensor and 436 data words ore outputted for the long wavelength sensor over 

the scan dwell time T . , Since T, varies with the V/Hrate, so will the 

■ a a 

output data rate. Table 4-6 lists the data rates expected for the short and 
long wavelength sensors . We have assumed/ for the purposes of tape recorder 
formatting/ which is discussed subsequently, and for common digital accumulator 
design, that the output data word length is fixed at 16 bits . 
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TABLE 4^6 


AVERAGER OUTPUT DATA RATES 


V.: ".Fovs. ■ 


2 mrad 

1 mrad 


i:'V/H.Rcrte , 


0.025 rad, /sec. 

Data Rate (Swords/s ec.) 

218, 

109 

22 

11 

Maximum bit Length in Memory -jr 2 

1& 

16 

16 

16 

Maximum bit Rate (M bits/sec.) 

3,49 

• _ • 

i.74 

0.35 

;0:.176 


Q 


NOTE: 1 16 bit Word = 2 Bytes,,, eg, 218 K words /sec. = 436 K Bytes/^ec. 
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4,-4.L,7 Tape Recorder Corisidercttions ^ 

As shown in 4-14 , we that the primary means 

of storing the data collected fro^ each sensor module during a flight will 
be yid ah on-board tape reco^ the data could be 

telemetered to earth over a radio; link i However , this alternative would also 
require d tape system, if the receiving stations were not always in range 
of the aircraft dining its mission run,. 

The types of tape systems that are generally available are? digital 
data recorders, instrumentation recorders and video recorders. 

recorders have the advantage that they are directly : 
computer compatible . . That is , the tape may be read into a computer without 
any preprocessing in IBM formctt. The Pertec TIOOO tape driver with F6250 
tcxpe 'formatter is an exam^ such a system, see appendix. At 425 ips and 
a data density Of 6250 Bytes/sec , , it is capable of 781K Bytes/sec. The 
maximuin data rate required by a sensor module is 43 6K Bytes/sec. (see 
Table 4-6 ) . At this transfer rate , a "scan'* of the scene corresponds to a 
4 ms dwell time. If the tape is 2400 ft. long, then the maximum record time is 

min, Y 
60 sec. j 

V / 

= 6*9mimxtes 

If stort/stop and formatting is taken into account this time reduces 
to approximately 3 . 5 minutes . This is only for one 50 ® F OV spectral band i 
Consequently, this type of recorder system is impractical. 
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As a practical alternative# the Ampex AR-1700 airborne high densit 7 
digital recording system# with Miller digital recorder electronics# for example, 
appears to be appropriate; see appendix. This system, can record image data 
on up to 24 tracks; one track being ailoted to each sensor module . In addition, 
ahoillory data may be recorded on any one of 4 additional tracks, e.g . , IKEG 
time code and the data clock which varies with V/H rote. This latter clock is 
also used to vary the tape speed in order to achieve a constant bit packing 
density . As. Table 4-6 shows , a maximum transfer rate of 3 . 49 M bits/s ec . 
is required in the worst case. This recorder system is capable of 4M bits/sec. 
at a data density of 33 .,3K bits/in. With 10,500 feet of tape available, the 
maximum record time would be 17 .5 minutes . This is reasonable when one 
considers that 12 , 100® FOV, sensor channels are being recorded simultaneously. 

Video recorders presently available, e.g., Arvin Echo WRR-421, see 
appendix, have bandwidths to 6 MHz which will handle the 3 .49 M bit/sec. 
sensor data rate. They also have d channel available for timing information. 
Record time is 60 min. These systems are not at present adequate for recording 
multi-sensor data. However, work on 80 M bit/sec., 50 min. recorders is 
going on at Bell and Howell under classified contract. This type of recorder 
is of interest because it will be able to handle multi-sensor data and provide 
long recording times . 

In light of the above, we have assumed the use of a multi-track 
instrumentation recorder like the AR 1700 . Figure 4-18 shows a possible 
data format for the serial data input on one track . 


16 Bits IsBitsjiS Bits 


Beginning 
of Frarae 
Sync Code 


Integration 
Tinie/Calib , 
Tag 


I,ast Data"''^*' — 
Word 

Corres. to 
Holl.Angle 
'’See Hote 3 


End of 'Frame Sync Code 



NOTES : 

1, TRACK NO, IDENTIFIES SENSOR MODULE 


2. EACH FRAME REPRESENTS M CCD ARRAY SCANS ; 40 < M < 400. 

3. FOR SHORT WAVEIENGTH SENSORS, L = 872 ± l7.5cc; 

FOR LONG WAVELENGTH SENSORS L = 436 ± 8.75o<; 

WHERE L IS AN INTEGER, !c< ! < 8,7° 

4. FRAME TIMS VARIES WITH *'^/h RATE. TO ACHIEVE CONSTANT 
BIT PACKING DENSITY, RECORDING SPEED IS VARIED WITH 
^/h FATS. 


4-I8 


AIRCRAFT DATA, eg, ROLL, V/H, HEADING, IRIG TIMS, 
HOUSEKEEPING, RECORDED ON AUXILIARY TRACK- 


SERIAL DATA FORMAT 
FOR AMS RECORDER' 


6. ONCE EVERY C FRAMES CALIB DATA COLLECTED. 


TO 
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4.4,2 Details of Electronics Design 

4, 4, 2.1 Short Wavelength Sensor Module Bleotronics Design 

Figure 4-15 is a detailed block diagram of the AMS electronics , It 
is referred to in the discussion which follows . 

As described in Section 4. 1,4, each sensor module operating in the short 
wavelength region will utilize a Fairchild CCD 131 linear image detector array. 
In order to prevent photosite saturation^ this 1024 element array is read out 
at an effective 10 MHz rate. As discussed in Section 4.4.1 .1, the array's 
photosite integration time is switched between IOOijls and 880 fxs by the post 
electronics depending upon the dynamic range of the scene. The CCD 131 
requires a number of clocks for operation, see Appendix C. The major 
portion of these clocks are generated in the sensor module in a block called 
clock interface in order to minimize cabling and potential BMI problems , The 
input to the clock interface is from the timing and control (T/C) processor 
located in the post electronics . Besides outputting the required timing and 
control signals for the analog and digital processing sections to be described 
subsequently, the T/C processor outputs the integration and reset clocks for 
the array. Since each sensor module's T/C processor operates from the system 
controller* 6.’ master clock, all clocking within a module is in synchronism with 
all other modules in the AMS system. This latter feature permits easier EMI 
control. 

The analog video output from the CCD 131 array is actually read cut on 
two lines at a 5 MHz rate; one line outputs ail of the even photosites and the 
other line outputs all of the odd photosites . Each output is fed to a separate 
buffer amplifier and voltage clamp as shown in Figure 4-19 , In order to 
minimize crosscoupling between video samples in these amplifiers to less 
than 1 LSB of the 8 bit A/D converter which follows , their bandwidth must be 
at least 7,5 MHz. 
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The voltage clamps operating in conjixnction with the analog multiplexer 

(MUX) and sample and hold generate a 10 MHs: analog signal which is free 

K T 

hrom reset transients and reset (”^) noise. These circuits implement, in 
practice , the correlated double sampling (CDS) technique described in 
Section 4,1.3. This, of course, is in addition to their primary functions 
which are described subsequently. 

During an in-flight calibration sequence, the various temperature 
monitor outputs, e.g,, CCD array temperature, aperture cover temperature, 
etc. and other analog housekeeping and BIT (built- in-test) functions are 
multiplexed into the main data stream through the analog multiplexer (MUX) . 

The output of the MUX is fed to a sample and hold which is also clocked at 
10 MHz, see timing diagram in Figure 4-ig, The output of the sample and 
hold circuit is then fed into an 8 bit A/D converter. Because of the high data 
rates involved, a TRW monolithic video A/D converter Model TDC 1007J is 
utilized. This device typically does a conversion at speeds to 30 megasamples/ 
second. Since the analog video is clocked at 10 MHz , the A/D will also be 
clocked at this rate. See appendix for data sheets . 

The output of the A/D converter is fed into a digital MUX. During the 
non radiometric portions of the calibration sequence, e.g,, housekeeping, BIT, 
etc. , the data from the A/D converter is outputted directly to a data formatter 
prior to magnetic tape recording. However, during the radiometric portions of 
the calibration sequence and during a normal data run of a natural scene, the 
data from the A/D converter is outputted to a digital averager for further 
processing . 
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As described in Section 4.4.1 .3, the purpose of this processing is to 
restore the S/N of the data collected for each pixel to that which would be 
measured if the integration time could be made as long as the “scan" dwell 
time without saturation. To achieve this requirement the average must: 

(1) Accumulate the sum of each detector element output over a 
full “scan" dwell time, T^. 

(2) Vary the number of partial sums , m , in accordance with the 
aircraft' s V/H rate , 

(3) Output data corresponding to a SO" FOV; compensating for as 
much as ±8.7® of aircraft roll. 

(4) Limit the size of output data word to 16 bits. 

To perform these tasks in 100 ns , i.e. , the time between video samples , 
requires a “flip-flop" configuration which uses two accumulators, each with a 
bit capacity of 17 bits and two memories each of which can store 1024, 17 bit 
words. Figure 4-20 shows a possible implementation of this requirement. 

Each memory is constructed from 1024 x 1 RAM devices similar to the 
Fairchild 93L425 . Typical time for a read and write cycle is 60 ns . Although 
faster memories exist in ECL technology, we have not chosen them because 
their low temperature performance is limited to 0"C. Each 17 bit binary 
accumulator uses 8 SN 545281, 4 bit parallel binary accumulators, and 3 
SN 54182, look-ahead carry generators or similar devices . Typical enter-store 
and add time is 75 ns . Adding this to the memory read/write cycle time results 
in 135 ns for adding a current output of the A/D converter from a particular 
detector element, to the previously stored partial sum for that detector element 
and then returning the new partial sum to its memory location. Since the A/D 
converter is outputting data at a 10 MHz rate, i .e. , every iOO ns , the 
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above process is too slow for one accumulator/memory . Therefore, in order 
to provide more processing time using these devices , the dual accumulator/ 
memory configurcrtion shown in Figure 4-20 is recommended. This 
flip-flop arrangement, by operating on alternate A/D converter outputs, reduces 
the effective processing rate to 5 MHz and consequently allows 200 ns for 
the data accumijiiation process. After m cycles as described above, the sum 
in each memory location is divided by 2 (shift right) in its corresponding 
accumulator and each resulting 1 6 bit word is alternately outputted to the data 
formatter; thereby reconstructing the 10 MHz data rate. The overall timing 
and control of the accumulator as well as the sample and hold , A/D converter 
and multiplexers are under the control of the timing and control processor. 

The readout rate of the CCD array is maintained constant regardless of 
the V/H rate . The only timing parameter that is changed with respect to CCD 
array operation is the integration time . As described in Section 4 . 4 . 1 . 1 , the 
integration time is varied between one of two levels (100 h^s and 880 |xs) in 
order to accommodate the maximum expected scene dynamic range , while 
permitting contrasts of 1% to be measured . The decision as to which integration 
time to choose is done automatically in the post electronics by counting the 
number of exceedances that each digitized output from the array produces over 
a given dv. ell time , When this number of exceedances reaches a given 
number, then the integration time of the array is reduced from 880|jls to IOOm-s , 
Conversely, when the number of exceedances falls below a given number, 
then the integration time during the next dwell period is increased from 100 ij.s 
to 880 |xs , The logic that controls the integration time also generates a tag 
on the formatted and recorded data so that ground data processing can take 
the integration time change into account. 
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In order to conserve tape and to lessen the burden on the tape system 
with respect to data transfer rate , roll compensation is performed in-flight on 
the data before it is outputted to the tape recorder as described in Section 
4. 4. 1.5. Roll compensation truncates the 60° of radiometric data contained 
in the digital accumulator such that only data corresponding to 50° is outputted. 
Roll compensation will be implemented using a ROM in which is stored the last 
memory address at which data is to be outputted . The selection of this last 
memory location is a function of the roll rote which addresses the ROM. The 
roil data is obtained from the aircraft interface and is preprocessed in the 
system controller which contains the above-mentioned ROM. The system 
controller^ in turn, outputs the roll compensation address to each sensor 
module's T/C processor. 

The roll compensated 16 bit output of the digital accumulator is fed 
into the data formatter. The purpose of the data formatter is to put the data 
into a form which will allow subsequent unambiguous data reduction from 
the recorded data. To do this , the formatter takes the digital data and 
annotates it with the sync codes , integration time and calibration tags as 
shown in Figure 4-18. 

The implementation of the data formatter, the integration time control 
logic, as well as the T/C processor in each sensor module will utilize a 
microprocessor where speed permits; otherwise discrete logic will be utilized. 

As is shown in Figure 4-lS the sensor module and post electronics also- 
contain ancillary electronics, e.g. , an In-flight calibration source controller, 
BIT, housekeeping and local voltage regulation. 
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As described in Section 6.1 / the source controller for both the short 
wavelength and long wavelength sensor modules are essentially the same; 
that is / It uses a conservation of charge technique to effect temperature 
control. For the short wavelength s»er.?or, the voltage applied to the source 
controller's storage capacitor is fixed, "Whereas in the long wavelength sensor^ 
if the aperture doors* approach is used as the radiation reference, this voltage 
is a variable depending on the doors* absolute temperature. To produce q 
variable voltage, the doors' temperature is measured periodically. The 
system controller generates a digital word corresponding to the voltage which 
should be placed on each of the storage capacitors in this system. Alternatively, 
if the mirror/solenoid approach is used for the long wavelength reference source, 
then as described in Section 6.1, the storage capacitors are operated with a 
fixed voltage as in the short wavelength case. 

The details of BIT, housekeeping, and local voltage regulation will 
be worked out in the detailed design phase. 
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4 . 4 . 2 . 2 Long Wavelength Sensor Module Electronic Design 

The design of the electronics for the long wavelength sensoi module is 
nearly identical to that described in Section 4 . 4 . 2 . 1 for the short wavelength 
sensors . The major difference is the need to perform background subtraction 
to achieve the desired dynamic range capability as discussed in Section 4.1.5. 

Background subtraction is realized in a combination of digital/analog 
circuitry. Figure 4-21 shows one such implementation. The value to be 
subtracted from each detector element output is stored in a read only memory 
(ROM) . The stored values are determined during the calibration phase when 
the sensor is looking at a uniform 300 blackbody. As a consequence, the 
subtraction not only subtracts the "dc" background radiation produced signal, 
but also any fixed pattern noise associated with the detector element being 
processed . The ROM is controlled by the timing and control logic . 

The digital output of the ROM is fed to a high speed, 12 bit resolution 
digital to analog converter similar to the Data Conversion Products DAC-S. The 
analog output of the ROM is then subtracted from the appropriate analog video 
sample from the detector array. 

The subtraction is performed at the input to the video buffer amplifiers . 
Assuming an even/odd output arrongement for the CCDs as in the short wave- 
length case, an analog MUX is, therefore, provided, see Figtme 4-21. 
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FIG 4-21 IMPLEMENTATION OF 

BACKGROUND SUBTRACTION IN 

LONG WAVELENGTH SENSOR ELECTRONICS 
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5 . 0 MECHANICAL DESI GN 

The AMS System is designed to be modular in configuration thereby 
allowing for maximum operational flexibility. It is designed to be easily 
installed in an aircraft using the standard mechanical and power interfaces , 

Figure 5-1 shows one possible mounting configuration. 

This configuration mounts as many as 24 (12 pairs of) sensors in a 
single pod. The final shape, mounting location and interface to the aircraft 
will be worked out in the next phase. The configuration presented in 
Figure 5-1 allows easy access to the sensor modules and electronics package 
through two access panels permitting facility in system maintenance and 
subsystem removal. Since all sensor modules are independent in operation, 
all 24 need not be installed or operational to allow system operation of the 
remainder. Sliding doors are also provided in the pod design to protect the 
optics in general and especially during landings and takeoffs. In addition, 
these doors provide a "zero" reference for the long wavelength sensor, see 
Section 6.1,4. 

Aircraft roll compensation of the data outputted from the system is 
provided for as described in Section 4.4.1 .5 . As a consequence of this 
provision, the data recorded is independent of roll angle within ±8.7®. 

5 .1 Environmental Considerations 

The AMS System is designed to operate in the vibration and shock 
environment usually experienced in any operational four engine prop-jet. 

Since the AMS has no moving parts, except perhaps for a calibration solenoid 
on the long wavelength sensor (see Section 6.1.4), and operates at low voltages , 
it is therefore not expected to experience difficulties in high altitude applications . 
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All materials and component parts are selected for high reliability and to 
withstand storage temperatures of -22 "“F to 150°F. The cold temperature 
limit being set by the short wavelength CCD (CCD 131) , If -30 °F is a firm 
requirement, either the feasibility of special processing for the CCD 131 must 
be undertaken or provision for heating the device made . The latter being 
awkward in storage situations . Under operational conditions , the temperature 
range of -30°F to 110°F is easily accommodated. 

The AMS is designed to operate in a humidity environment ranging from 
0 to 100% humidity. All components which are affected by moisture are located 
in sealed environments within the sensor module, e.g., optical materials which 
may be hygroscopic, see Section 4.3.9. 

As indicated above, condensation on the optics during aircraft descent 
will not deteriorate the sensors . However, it may affect performance. 

Provision is made in the sensor module design, see Figure 4-12 , to heat the 
exterior of each sensor module to above the dew point to prevent formation 
of condensation on the optics . 

5 ,2 Sensor Module Design 

As stated in Section 5.0, the AMS System has been designed to be 
modular. That is, for each 60" F.O.V, spectral band being monitored, there 
is a corresponding sensor module (with its post electronics) . To cover a roll 
compensated 100® F.O.V. , a pair of sensor modules are required. The AMS 
System can accommodate as many as 12 pairs of modules . All modules are 
independent, optically and electronically. Thus a very flexible system results. 
Sections 4.3,7, 4.3.8 and 4.3.9 describe the optical design aspects and 4. 4. 2.1 
and 4. 4. 2. 2 tlae electronic design a^=:pects . 
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In this section we will present some general optical alignment con- 
siderations as they apply to the specific sensor design approach discussed 
in Section 4.3.8. As stated earlier / it is not meant to be a procedure but 
it is meant to support the design and show that it is practical. 

The various optical properties of the optical elements themselves can 
be used to act as indicators for the positioning of the elements. For example, 
as shown in Figure 5-2 which shows the fiber optics removed, the pointer 
and return image coincide only at the center of curvature of the spherical 
reflector. The overall approach is building up the assembly one step at a time. 
First, the spherical reflector is positioned alone and carefully checked with a 
rotary table, alignment telescope, pointer, etc. The corrector shell element 
is then introduced. If difficulties arise, the elements are reshimmed if 
necessary, until a complete and checked system is obtained. For those sensor 
modules which require filters which are opaque to the eye, a clear glass 
corrector shell , manufactured to the same tight tolerances as the actual 
corrector shell, will be substltued during this phase of the alignment. Upon 
completion, the actual corrector shell to be used is introduced. 

The complete lens cell subassembly is then assembled to the main 
housing with all adjustments at mid position. The detector array and fiber 
optics subassembly is then assembled through the slot at the top so that the 
spherical end of the fiber optics bundle faces the spherical reflector. 

The detector array assembly must be hard mounted to the main housing 
by means of pins or shoulder screws so that subsequent removal of the unit 
does not upset the alignment of the fiber optics to the optical system. The 
input end of the fiber optics and the image surface formed by the optical 
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system must hwe the same spherical radius to within the size of one array 
element. Optical measurement techniques can be used to determine the 
radius of the optical image; then the fiber optics radius can be adjusted by 
controlled polishing procedures . 

Since the input face of the fiber optics and the image surface are both 
spheres of the same radius , it is only necessary to make their centers coincide 
for proper alignment. Consequently, only three degrees of freedom are needed 
between the two subassemblies . The three adjustments could be divided between 
the two subassemblies but as Figure 4-10 shows, all three adjustments are 
on the lens cell. They are essentially X, Y, Z linear adjusts. As stated 
previously, shim adjusts are always preferred over screw adjust wherever 
it is convenient or possible. 

Although a dummy detector array fiber optics subassembly might be 
used to monitor the image with a microscope at the output end of the fiber 
optics as shown in Figure s-3 , it is better to monitor the electrical output 
of the detector array to verify overall performance of the completed assembly. 

The general setup shown in Figure 5-3 will be needed during the alignment 
of the optical image to the fiber optics array . The rotary table eliminates the 
need for a wide angle high resolution target projector but the entire field 
cannot be tested simultaneously. Significant portions of the field can be 
sampled at one time for alignment purposes . 

When this adjustment is complete , the side supporting stalks for the 
fiber optics are inserted and adjusted so that they are within a few thousandths 
of the fiber optics . This can be monitored by watching the adjustment through 
the front corrector with a jeweler's loop. The corrector has very little power 
and acts more like a window. If optically opaque narrow band pass filters are 
used on the corrector, side looking holes in the main housing and lens cell 
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will have to be used to watch the feet of these stalks . The electrical output 
signals, the turns count on the stalk, plus the jeweler's loop would all be 
used to bring the stalks into contact with the fiber optics without misaligning 
the system. 

Final boresighting of the sensor assemblies consists of aligning the 
optical axis with a main housing flange . This can be accomplished by a pair 
of wedged shims (not shown in Figure 4-10 ) and the general setup shown in 
Figure 5-3 . After the adjust, the shims are pinned to the flange to allow 
interchangeable installation of any sensor which has a bores ighted mounting 
surface. 

5.3. 2 Long Wavelength Sensor Optical Alignment Considerations 

The purpose of this section is to identify any particular alignment 
consideration that pertain to the long wavelength sensor design shown in 
Figure 4-12. Again, it is not meant to be a procedure but to support the 
design and show that it is practical . Many of the general techniques for 
aligning long wavelength optical systems apply here, as do some of the 
considerations discussed in Section 5 .3.1 . 

The sensor is mounted on a back cover plate which can be adjusted for 
aligning the sensor elements to the optical image plane. A shim is used for 
axial adjustment. Side screws produce any X, Y adjustments required. 

The fabrication of the optics could be treated in the same manner as 
that used for a simple doublet with both elements of the same index. In case 
there are cementing difficulties , a small air space between the element would 
have little effect on the blur circle. Anti. -reflection coatings would be needed 
however. 
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If separate elements are used, side screws could be used to adjust 
them with respect to each other. In addition, the centers of the two spherical 
surfaces determine an optical a:tls which must be perpendicular to the flat 
first surface. General techniques similar to tltose discussed under the short 
wavelength approach can be used in this case too. 
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5 ,4 Power , Weight and Volume Budget for the AMS System 

The AMS System can be characterized as being comprised of four major 
subsystems . These subsystems and the contribution to the power, weight and 
size of the total configuration is os follows with reference to Figure 4-15: 

(1) Sensor Modules - One of these modules will be required for each 
60° spectral band to be monitored. The CCD sensor, the clock interface, 
and the calibration source will consume 2 watts maximum and require minimal 
board space and weight. All power will be supplied externally. 

(2) Post Electronics. - One post electronics unit will be required for 
each 60° spectral band to be monitored. Each one of these housed subsystems 
will weigh approximately 15 lbs,, consume 58.5 watts, and will be housed in 

a 7.5" X 10. S" X 12" enclosure. The greatest portion of the power consumption 
in this system is due to the levels required by the data formatter and the 
accumulator/memory blocks . Since the data note to each bank of the dual 
accumulator/memory is 5 M bytes per second, high speed logic devices were 
essential in its implementation. High system power consumptions must result 
when high system throughput rates are required . As the power and configuration 
breakdown shows in Table 5-1, the wattage consumed by these two high-speed 
digital subsystems is 41.5 watts which is 71% of the power consumed in the 
post electronics package. 

(3) System Controller - Only one 8080 microprocessor package is 
required for up to 24 system monitoring channels; each channel, as stated, 
previously, consisting of one sensor module and one post electronics module. 
This controller will require 10 watts of power for itself and approximately 20 
watts for the aperture door motor drivels) in the system. This package will 
reside in an enclosure with dimensions of 4" x 10 .5 " x 12" , and it will 
weigh 8 lbs . 
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(4) Power. Supply ~ This package will supply power to each of the 
three system elements listed previously » In the system's maximum con- 
figuration^ it will have to supply 1482 watts. A switching supply of this 
magnitude will weigh approximately 100 lbs. in a 12" x 12" x 24" enclosure. 

The A/C source supplying this power supply will have to deliver approximately 
2,1 Kwto it, assuming a 70% power supply efficiency. 

(5) Tape Recorder System. - The tape system will also derive its power 
directly from the support vehicle. Only one unit will be required for 24 channels 
of information. The Ampex Model AR-1700 will consume 490 watts maximum, 
weigh 107 lbs . , and will be packaged in two militarized enclosures. One 
enclosure houses tlie tape system and is dimensionally 20" x 16-1/4" x IS", 
The second enclosure houses the electronics package and is dimensionally 

10" X 10" X 14". 

A summary of the data presented above is listed in Table S-1. 
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TABLE 5-1 




AMS SYSTEM POWER, WEIGHT AND VOLUME BUDGET 

I. 


Sensor Module 


(a) 

Power 

2 watts 

(b) 

V/elght (electronics only) 

2 lbs. 

(c) 

Weight (short wavelength) 
dong wavelength) 

3 .2 lbs . 
8 . 0 lbs , 

(d) 

Size (electronics only) 

2-1/2” X 4.5“ 

II. 


Post Electronics 


(a) 

Power 

58.5 watts 


(1) 

Data Formatting 

15 watts 


(2) 

Dual 17 Bit Accumulator/Memory 

26 .5 watts 


(3) 

Sample & Hold + Integration Time Logic 

5 . 25 watts 


(4) 

Analog Multiplexer 

1 watt 


(5) 

CCD Timing Generator 

3 .25 watts 


(6) 

Sources and Controllers 

5 watts 


(7) 

Assorted Interface IG’s 

2.5 watts 

(b) 

Weight 

15 lbs . 

(c) 

Size 

7.5" X 10.5“ 

III. 


Svstem Controller 


(a) 

Power 

30 watts 


(1) 

Electronic Control 

10 watts 


(2) 

Motor Drives 

20 watts 

(b) 

Weight 

8 lbs .. 

(c) 

Size 

4" X 10.5" X 
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TABLE 5-1 

AMS SYSTEM POWER, WEIGHT AMD VOLUME BUDGET 

(Continued) 


IV. System Power Supply 


(a) Power Required from Vehicle (except tape system) 

(b) Power Output in Max. Configuration (24 channels) 

(c) Weight 

(d) Size 


2 . 1 kw max . 

1482 watts 
100 lbs. 

12" X 12" X 24" 


V. Tape System. 

(a) Power (from vehicle) 

(b) Weight 

(c) Size 


490 watts maximum 
107 lbs. 

(1) 20" X 16-1/4" X IS 

(2) 10" X 10" 14" 


VI. M.qximum_S_y$tems Power_qnd Weiqht._Sp.ecifi.cqtlc>n.. 

(For 24 Channel System - 16 Short Wavelength Sensors 

8 Long Wavelength Sensors) 


(a) Power 

(b) Weight 


2600 watts 
690 lbs. 
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6.0 CALIBRATION 

6.1 lnrPU ,qhl ; . C g.Ufcr;<3[t;laD. 

6.1.1 CaUbrq.tion_P_hilQS_Qph^jL 

The purpose of the in-flight calibration source is not to provide an 
absolute calibration of the system but only to check for gross variations in 
CCD detector array responsivity and, in general, optical system throughput. 

In this approach, the calibration source will serve as a transfer standard and 
consequently will not be designed to be an absolute radiometric reference. 

We may adopt this calibration philosophy because the In-flight calibration 
source will be simultaneously viewed by at least 512 CCD detector elements 
in each sensor module. As a direct result of these large numbers of simul- 
taneous measurements and the monitoring of the temperature of the array as 
well as that of the aperture cover (to be described subsequently) , the state 
of operation of the array and of the sensor module can be deduced with a high 
degree of confidence, even if one or more elemental detectors were to fail. 

This concept cannot be implemented in a single detector or small mult I -detector 
array because of the limited number of independent measurements which can 
be made. This calibration approach is described as follows: 

As part of the ground calibration sequence as explained in Section 6.2, 
an in-flight calibration of each sensor module is performed and data collected . 
By correlating the In-fllght calibration performance data measured during a 
normal flight with that data obtained as part of the ground calibration 
sequence, the health of the sensor module under test can be determined. 

Further correlations between the spectrally independent sensor modules in 
the calibration environments can also be made in the same way to provide 
additional information on which to evaluate sensor performance. It is these 
correlations taken over large independent numbers of detector elements that 
permit the transfer standard approach to be utilized . 
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6.1.2 General Considerations 

In any in-flight calibration system, it is an inherent requirement that 
the calibration be performed against a “zero" reference level. This reference 
level usually requires the aperture to be covered or the sensor's FOV shifted 
so that the viewed scene radiance is prevented from reaching the detectors . 

This is usually achieved by placing a shutter vane in front of the aperture or 
by moving the detector’s FOV onto the reference. 

However, in this case, where we would use multiple sensor modules 
which contain no moving parts, the incorporation of multiple, solenoid-operated 
shutters does not appear to be a desirable or an optimum solution. 


Rather, we would envisage that the protective motorized aperture door 
covers shown in Figure 5-1 be commanded closed during in-flight calibration. 
With their inside surfaces insulated and painted black, this would place a 
relatively constant temperature source at the entrance aperture of all the 
optical modules; the temperature of the door would be monitored. 


For the short wavelength sensors , since this cover will be at ambient 
temperatures and will emit only in the long wavelengths , this will represent 
a true, non varying, "zero" background radiance level. On the other hand, 
the long wavelength sensors will output a d.c. signal proportional to the 
radiance emitted by the black cover {which is a function of its absolute 
temperature). However, because each cover's temperature will be relatively 
constant over the longest expected FOV dwell time (40 ms), due to its high 
thermal mass, an adequate indication of the long wavelength detector array's 
uniformity of response can be obtained. This will be done by irradiating each 
element in the array with a short pulse of radiant energy. The resulting pulse 
will appear superimposed on this d<.c. level at the array's output, so that 
the absolute d.c. amplitude of this pulse will depend to some extent on 
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the temperature of the door. (See Section 6.1.4.) The same technique will 
be utilized for the short wavelength sensors . However, the resulting pulse 
will be outputted on essentially a zero d.c. level (dark current level) as 
mentioned above. The Implementation of these short radiant energy pulses 
will be discussed subsequently for the short and long wavelength sensors . 

6.1.3 Short Wavelength Sensors 

Short wavelength in-flight calibration is achieved by passing a pulse 
of current through a helical coil of platinum wire mounted inside the aperture 
stop (see Figure 4-10 ) with the loop diameter being slightly larger than ^iie 
aperture dimension. In this way, the entire fiber optic focal surface is flooded 
equally with source energy and the reflectance of the mirror is checked as well. 
It is envisaged that the source will be pulsed by discharging a capacitor through 
it as described below, thereby generating a pulse of “light" energy without 
using mechanical shutters . The resistance of the calibration source will be 
set by using the appropriate wire thickness and coil length. The loop 
resistance -storage capacitor RC time constant will determine the average 
pulse width of the calibration pulse , The peak energy will be set to obtain 
a calibration source radiance which will produce in each elemental detector, 
a signal which lies approximately in the middle of its dynamic range. 

The worst case requirement with respect to radiant power of the source 
for the short wavelength calibration source occurs at 0 .42 urn. At this wave- 
length, the source must produce a radiant power on the aperture of the corres- 
ponding CCD array of 6.21 x 10 watts. This power corresponds to 50% 
of the peak radiant power expected at 0.4 2 pm and consequently exercises the 
signal processing midway in its dynamic range for the typical scene, B , 
condition. This radiant power, was calculated as follows: 
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where: 


DR 

®typ 



= dynamic range factor = 0.5 
“4 2 

= 1.2 X 10 w/cm -ster (see Table 4-4 ) 

2 

= elemental field of view = (1 mrad) = 1 [jl ster 

2 

= area of collecting aperture = 2.07 cm 
= optical throughput = 0.5 

= 0.5 [ i.2 X 10 ^ X 10 ^ X 2.07 x O.S] 6.21 x 10 watts 


The calibration source could be constructed in a straightforward manner 

using a 2 cm diameter loop of helically coiled platinum wire with the helix coil 

annulus having a projected width of 2mm. The source/ therefore, will have a 

2 

total area of tt x 2 cm x 0.2 cm = 1.25 cm and is conservatively estimated 
to have an smissivity of 0.4, when the black body cavity action of the wire 
coils is taken into account . 

Provided platinum wire can repeatedly reach a temperature of 1900 ®K 

without degradation, this approach will be utilized; alternatives are discussed 

below. Now, conservatively assuming an optical throughput of 0.5, the 

radiant power of the source, P , seen by each detector in the 0 .42[j.m CCD 

s 

array is calculated as follows: 


where: 


e 



P - e N AX 0^ A ?7_ 
s s s 0 


= emissivity of source = 0.4 

= emitted radiance of 1900° black body source at 0 .42 ia.m = 
-2 2 

1.43 X 10 w/cm -ster-jUL 
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spectral bandwidth = 0.0275 tim 

elemental FOV = l[j. ster 

2 

source area = 1.25 cm 
optical throughput = O.S 
9.8 X 10 ^ ^ watts 

This power is 1.58 times the radiant power, required. Therefore, 
a slightl/ lower source temperature than 1900°K can be used for the in-flight 
calibration of this sensor. 

In the above, we have assumed that the in-flight calibration for each 

sensor would be carried out at 50% of the expected maximum signal level 

corresponding to B. for that sensor. However, one could, in the interest of 

lyp 

lowering the source temperature, relax the in-flight source emission require- 
ments on the shortest wavelength sensor by reducing the calibration level to 
10% - 20% of its maximum signal value. This is possible since, as shown 
in Figure 4-3 , the expected worst case noise level will be 3.6% of the 

maximum signal expected . 

Alternatively, we could have used instead of the platinum wire source, 
a parallel array of "Pinlite" tungsten lamps (see Appendix C) operating at 
2400 ®K. Operating these lamps at temperatures higher than 2400 ®K greatly 
reduces their life expectancy. This approach would allow a 45:1 reduction 
in the surface area of the required source. However, due to the extremely 
small size of the "Pinlite" lamp filaments, an array of from 50 to 100 'Pinlite" 
lamps would be required . This results in a difficult fabrication problem with 
respect to packing this number of lamps in close proximity to the 13 mm diameter 
aperture periphery. 
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Two other source configurations under consideration are a specially 
fabricated annxiiar xenon flash tube or an annular evacuated tungsten lamp. 

Both approaches require component development. 

At the present time, because of its simplicity, we favor the use of 
the platinum wire source at some reduced dynamic range factor, which 
provides an adequate safety margin with respect to source degradation. 

However, a problem that will have to be addressed in the detail design 
phase regardless of which approach is finally selected, is the rapid change in 
radiance at 0.42|j.m as a function of source temperature. The cooler the source 
temperature, the worse the problem. This occurs because this wavelength is 
situated at the short wavelength edge of the Planck blackbody curve where the 
spectral radiance varies as a high power of the absolute temperature (in ®K) of 
the source. (See Figure 6-1 . ) Regardless of the approach, the capacitive 
discharge scheme for controlling source temperature looks quite attractive for 
this application as discussed below. 

Using this conservation of energy technique, a capacitor, C, is 
charged slowly to voltage . The energy stored in the capacitor is then 
C V 

— . Since the peak temperature of the source is established by the 

energy delivered to it, then we can, by dissipating this energy in the source, 
precisely control the temperature of the source as a function of time . This 
scheme has the added advantages of being simple to implement and less 
demanding with respect to power supply current capabilities . 

It should be mentioned before leaving this section that for all other 
short wavelength sensors , the problems discussed above are eased because 
the source generates much more spectral radiant energy (for a given source 
temperature) as the wavelength increases. See Figure 6-1, 


6-7 


Project 2738 


6,1.4 Long Wavelencrth Sensors 

As was discussed in Section 6,1.1, the in-flight calibration source 
for the long wavelength, as well as the short wavelength, sensors is intended 
to check for gross variations in detector responsivity and optical system 
throughput . 

One possible implementation of this calibration source, see Figure 4-12 
is quite similar to that shown for the short wavelength sensors . Here too, 
a helical coil of platinum wire or nichrome surrounds the aperture stop and is 
energized by the discharge of a capacitor through its resistance, thus 
generating a single pulse of radiant energy. This radiant pulse emits rays in 
all directions some of which lie parallel to the ray bundles focused by the 
optics on the detector array. Hence, this source configuration checks the 
throughput of the entire optical system except for the entrance window. As 
was the case for the short wavelength sensors, this configuration uses no 
shutters or other moving parts . Again here too, the capacitor and coil 
resistance values will be set to generate a radiance pulse which will generate 
an elemental detector signal at some fixed level in Its dynamic range . 

Using this configuration, the main difference between the long wave- 
length and the short wavelength source is the lower required source temperature. 
For the long wavelengths , the maximum diffuse scene temperature expected is 
only 330®K, Consequently, the source is operated near this temperatiAre and 
either tlie platinum wire source, which can be blackened with a high temperature 
paint, or a nichrome wire source will work quite satisfactorily and reliably. 
However, unlike the short wavelength source which operates against a “zero" 
radiance reference background , the long wavelength sensor sees its in-flight 
calibration source against a background radiance which is a function of the 
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aperture doors' temperature in this "closed position." The temperature of 
these covers may vary and be as high as 40 '’C (IIO^F) . Therefore in order to 
make the in-flight calibration of the long wavelength sensors meaningful # 
the peak source temperature will be adjusted in each sensor to produce a 
signal whose level is fixed at 75% of the maximum signal expected for that 
sensor. 

Expressed in equation form for the long wavelength in-flight calibration 

source: 

DR N = K , + AN 

max bkg s 

where for a 9)Jt.m sensor, for example: 


DR 

ZZ 

the dynamic range factor = 0.75 

N 

max 

= 

“3 2 

1.6 X 10 w/cm -ster-|jLm at the maximum expected 
radiance of the scene (330 ®K) at about 9|J.m 

bkg 

S5 

the radiance of the aperture cover ^ 

-3 2 

1 X 10 w/cm -ster-(im (300“K) at 9(a.m 

AN 

s 


the required radiance produced by the long wavelengtii 
in-flight source at about 9 lam 

AN 

s 

= 

DR N - N. , 

max bkg 

AN 

s 


(0.75) (1.6 X lO"^) - 1 X lO"^ = 0.2 X 


Consequently, the in-flight calibration source must increase the 
radiance of the aperture cover background at 9p.m by about 20%. In other 
words, the source must make each elemental detector see a 307®K source 
against a 300 background in order to achieve the required 75% calibration 
level . 
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The major advantage of the above implementation is that it is simple 
and contains no moving parts. One possible disadvantage, however, is that 
the background reference radiance is a function of the ambient temperature of 
the covers. As a consequence, long term comparisons between sensor data 
must always be corrected for the temperature of this background as well as 
requiring the electronics to adjust the source capacitance voltage , 
appropriately to achieve the 75% dynamic range factor. 

Aside from insulating, as best as practical, the side of the covers 
facing the sensors, the only other approach to providing a better controlled 
and/or closer to zero radiance reference is by using a front surfaced mirror 
attached to a solenoid. This solenoid would have to be attached to the 
sensor housing and "swing" the mirror into place for a calibration. With the 
plane mirror in place at the effective center of curvature of the optic , the 
cooled detector array sees itself or 77 ®K so that a cold reference is thereby 
attained. Although straightforward to implement, it introduces a moving part 
Into a no moving parts system. But it does have the advantage of providing 
a true long wavelength radiance reference close to zero. 

Figure 4-12 , which shows the design of the long wavelength serisor, 

shows it without a solenoid. Once the thermal interface definition of the 
aperture doors on the AMS pod are firmed up during the design phase, then a 
final decision as to which way to proceed may be made. 

6.2 Ground_Qglibratlon 

As discussed in Section 6.1, the purpose of the periodic in-flight 
calibration is to determine the general health of the AMS system. That is, 
its primary purpose is to check out each sensor module and the central data 
acquisition portions of the system in order to determine whether ground 
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maintenance or recalibration is required or is necessary. The purpose of 
this section is not to present a detailed calibration procedure but to identify 
those general requirements which are relevant to the ground calibration of the 
AMS system. 

The ground calibration provides the necessary calibration data which 
will be used in Interpreting the optimum performance from the system. CCD 
based sensor systems such as this one, because of the large number of 
detectors in any one array and the number of arrays required (one for each 
spectral region), require substantially more calibration measurements to be 
processed than their single, double, or triple detector electro-mechanically 
scanned predecessors. Fortunately, the built-in data acquisition capability 
inherent in the AMS system, coupled with the presumably readily accessible 
ground-based computer processing available, make the large quantity of 
calibration data needed for ground calibration quite manageable . 

A typical calibration setup would contain a calibrated blackbody or 
lamp source, an unobscured off-axis reflective collimator and a stepper 
motor-driven single-axis rotary table, which will sequentially Illuminate 
each detector element in the array under computer control. These calibrations 
would be conducted at various ambient temperatures , The calibrated radiation 
source used in conjunction with the off-axis collimator would be a 1000®C 
black body similar to the Barnes Modal 11-20 IT for the near and far IR and 
a xenon lamp for the shorter wavelengths . 

Because of the large number of repetitive measurements required to 
calibrate the system, a computer must be utilized both to control the 
calibration sequence, os well as to acquire and reduce data, and output 
instructions and results to calibration personnel via peripherals , 
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Provision would be made in the sensor module design to accept a 
specific set of calibration commands from the computer to allow for a more 
efficient calibration sequence. For example, it may be desirable to reduce 
the number of accumulations, m , made during a test run to speed up the 
ground calibration process. Normally, it is dictated by the V/H rate as 
described in Section 4, 4. 1,3. In addition since the sensor modules normally 
output only 50° of data, it will be necessary to vary the roll angle data input 
in order to calibrate the sensor over a full 60° . The details of this interface 
would be worked out in the detailed design phase. 

As in any imaging system, the key performance parameters are noise 
equivalent contrast for the short wavelength sensors or alternatively noise 
equivalent temperature for the longer wavelength sensors, dynamic range 
and resolution. 

Calibration would be carried out over the entire operational temperature 
range (-35 °C to 44°C) using the temperature monitor outputs from each sensor 
module to correlate data runs . The calibration over temperature is particularly 
important with regard to CCD array performance as discussed in Section 
For each detector element in an array, the following parameters will be directly 
or indirectly measured; 

1 . Dark current levels 

2 . Random detector noise 

3 . Pattern noise 

4 . Responsivity 

5 . Signal dynamic range 
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During the post flight data reduction process , the data collected in-flight 
will be corrected for Parameters 1 and 3 above, which offset the measured data 
in each detector element; and fa Parameter 4 which varies the gain of the 
measured data in each detector element. Parameter 2 directly affects the 
NEAp and the NET of the particular sensor module and Parameter 5 is 
measured indinictly , 

In addition, the response of the sensors to tlie in-flight calibration 
source will be recorded and correlated to the primary calibration described 
above . This is done to aid in diagnosing gross changes in sensor performance 
in-flight . 
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7.0 LONG WAVELENGTH DETECTOR COOLING 

As indicated in Section 4.1.1, the detector arra 7 S which are sensitive in 
the long wavelength spectral region all require cooling to at least 77 ®K, with 
extrinsic silicon detectors requiring cooling to 25 ®K-50 ®K. Although various 
refrigeration systems exist for achieving temperatures well below 77°K, e.g. , 
Vuilleumier and Stirling, we believe these would prove to be unsatisfactory for 
an airborne multi-sensor module system like the AMS because of their complexity. 
Consequently, we have rejected further consideration of extrinsic silicon detectors 
for the present and have concentrated our study of detector cooling techniques 
to those which maintain detector temperatures at 77 °K or above. 

In this category are liquid nitrogen (LN ) and thermoelectric coolers . 

A four-stage thermoelectric cooler will practically achieve a cold surface 
temperature of 220 “K with its base at about 60 °C. This type of cooler is the 
most satisfactory for the AMS application, since it requires no operational 
maintenance. However, the sensitivity or D* of most detectors in the 3 -Sfim 
and 8 - 14 [Am regions falls off rapidly above 77'‘’K. Although the NET calculations 
made in Section 4.1.5 indicate that NETs less than 0 .1°K may be realized at 77®K, 
we hesitate to attempt to extrapolate the performance to higher temperatures until 
better long wavelength detector data is available. Consequently, we will 
conservatively operate the AMS long wavelength detector arrays at 77“K, 

To achieve this temperature several LN^ cooling techniques are available: 
manually filled dewars, demand cryostat cooling, constant feed cryostat cooling. 
For the AMS application, we recommend the manually filled dewar technique, 
Dewars with various hold times up to 12 hours are practical depending on detector 
area and power dissipation. As indicated in Figure 4-12, a dewar similar to the 
CA IR-13 type with a hold time of 12 hours was selected. Access to the dewars 
for filling is provided by convenient access doors in the AMS mounting assembly, 
see Figure 5-1 , This type of cooling approach has been time-proven to be reliable 
and with its long hold time should allow for operational flexibility . 
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The demand and constont feed cryostat systems were not recommended 
since their operation depends directly on the purity of the gaseous nitrogen 
used. Because of this and based upon our experience, this type of system is 
not reliable for flight applications not to mention the "plumbing" required for 
operation. 
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8.0 CONCLUSIONS 

The design of the AMS system as described in this study represents 
a practical implementation of a state-of-the-art instrument concept that 
if not totally manufacturable today will certainly be in the early 1980s . 

This design provides a no-moving -parts multispectral scanning 
capability through the exploitation of linear array charge-coupled device 
technology and advanced electronic signal processing techniques . It 
provides a system that has the following major advantages: 

. 10:1 V/H Rate Capability 

. 120* FOV at V/H = 0 . 2S rad ./sec . 

. 1-2 mrad Resolution 

. High Sensitivity 
. Large Dynamic Range Capability 
. Geometric Fidelity 
. Roll Compensation 
. Modularity 
. Long Life 

. 24 Channel Data Acquisition Capability 

These key advantages stem from the AMS*s superior optical design which 
through its unique field flattening techniques allows wide field of view to be 
achieved at fast f/nos . for both the short and long wavelength regions . In 
addition, its electronic design allows, through its digital signal averaging 
technique, maximization of signal to noise performance over the entire V/H 
rate range. 

Appendix A contains a detailed preliminary design specification for the 
AMS System. 
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1.0 SCOPS 

This Is Q proliraimry design apociflcation for an advanced multispectxal 
scanner designed for use on an aircraft for remote sensing purposes , It measures 
and coUects data in a wide field of view, over a range of spectral regions 
extending from 0 *4 pm tlirough 14pm, using an electronic scanning technique. 

One sensor module is required for each 60'* spectral region being monitored. 

All data Golleeted in-flight is stored on magnetic tape for subsequent data 
reduction purposes , 

2.0 appiicabx:b DOOUMENTS 

The AMS will be designed to meet the construction, reliability, and 
quality assurance standards outlined in appropriate NASA and MIL type 
documents which will be defined and established prior to entering the design 
phase . 

3 . 0 GENERAL CHARACTERISTICS 

3.1 gsg.QmnaJd,a.cIigfli3.nL. 

The AMS uses a pushbroom scanning technique in which a linear array 
of detector elements is oriented at right angles to the aircraft's line of flight. 

The detector array Is located in the focal plane of an optical system and the 
ground below is imaged upon the detocjtor array , As the aircraft moves , side 
by side areas on the ground are scanned in tire cross track direction by 
electronically scanning the array. As a oonsequenco of such an arrangement, 
all areas on the ground are viewed for the full V/H rata dependent dwell time. 

See Table 3.1. 
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3.2 

Th© AMS uses muittple sensor modules to achieve multi -band spectral 
coverage over the region from 0,4nm through 14 mn. That is, one sensor 
module is required per spectral band . Spectral selection is realised through 
the use of an interference type filter located in each sensor module. 

Each sensor module covers a nominal 60® field of view. Two identical 
modules would then bo required to cover 120® . See Table 3.1. 

3.3 MLQ.QmsLsaastisa 

The AMS data output is roll compensated over ±50® with respect to 
Nadir, assuming two modules are used per spectral region. This arrangement 
provides for up to ±8 .7® of aircraft roll and Is done entirely electronically. 

3.4 j^ataatssa. 

The AMS uses linear detector arrays to achieve its performance . See 
Table 3-l , In the short wavelength region, a 1024 element CCD linear anxty 
is utilised , Each element of the array is 13 pm by 13 pm on 13 pm centers. 

The array required no cooling , 

In the long wavelength region a S12 element hybrid CCD linear anxty is 
utilised, InSb Is used for the detector elements in the 3 - 5 pm region and 
correspondingly Pb SnTo or Hg Cd Te (PV) in the 8 - 14 pm region , Each element 
of the array is 100pm by 100 pm on 100pm centers. Performance is specified 
in Table 3-1 . Detector cooling is required and supplied via a manually filled, 
12 hour capacity dewar. 
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3.5 fictisjs. 

The AMS uses two types of optical designs to achieve its performance: 
one design is for the short wavelength sensors and the other for the long wave- 
length sensors . Both designs provide a nominal 60® field of view at a fast f/no. 
Table 3-2 defines the opto-mechanical parameters for tliese two designs. 

The short wavelength optic is basically reflective and uses a specially 
designed fiber optic field flattener to interface the CCD array to the optic. 

It also utilizes a refractive corrector shell to minimize spherical aberration. 

This design provides an f/0,8 optical system. 

The long wavelength optic is also reflective and uses a reflective field 
flattener approach. This design provides an f/l ,S optical system, 

3.6 £lg.c.tr.omga. 

The AMS electronics uses a combination of advanced but presently 
available analog video and digital signal processing and control techniques , 

LSI is used as much as possible; depending upon speed considerations either 
discrete devioes or microprocessors are employed. 

The AMS electronics are designed to perform the least amount of data 
processing in-flight, leaving this function to ground based facilities. It 
does, however, acquire data for as many as 24 sensor modules, formatting 
and preprocessing the data so that it is suitable for tape recording on its 
system recorder. 

Roll compensation, dynamic range gain changing, background subtraction, 
calibration sequences, and built-in test sequences are among the processes 
which are sensed and controlled under microprocessor control, V/H rate changes 
are also accounted for in the electronics . 


Project 2738 


A- 4 


C^erattoji of the system does not require all sensor modules to he 
operative or present. But the design of each post electronics module is 
identical to all others in the same wavelength region. 

Xahle 3-3 identifies the salient performance parameters and charac- 
teristics of each electronic subsystem. See Table 3-4 for power requirements 


The AMS system provides for an in-flight calibration to be performed , 
The primary purpose of this calibration is to serve as a transfer standard. 
The data reduction process performed on the ground compares the in-flight 
calibration data to that taken on the ground under similar conditions , If a 
fault is identified or calibration is recommended » then a full calibration is 
performed on the ground using sources, etc. that are traceable to NBS, 


The AMS is designed to operate In an operational aircraft environment 
similar to that experienced on a four engine prop-jet at altitudes up to 
60,000 feet. 

The AMS will survive storage and non-operational temperature extremes 
from -30®P to 1S0®F. The AMS will perform in spec from -22“F to 110“F, 

The AMS will not be damaged by humidity in the range from 0 to 100%. 
However, optical performance in certain spectral bands will be affected by 
condensation of water on the optics . Provision is made in the sensor module 
design to prevent this condensation from forming by heating the elements 
so affected . 

The AMS will survive and operate in spec when shook and vibration 
levels are encountered similar to those experienced in a four engine prop-jet 
aircraft. 
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3.9 

The AMS is designed for easy installation in an aircraft utilizing 
standard interfaces and power. Table 3-4 lists a breakdown of weight, 
volume and power requirements for the AMS system . 

The AMS is designed to be modular, i.e, , the system may be expanded 
from I to 12 120* POV spectral bands by simply adding modules . It is designed 
to be easy to install, repair and maintain. Covers are provided to protect the 
optical elements during landings and take-offs . 
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TABLE 3-1 V AMS SYSTEM PARAMETERS/SENSOR MODtILS 


Aircraft V/H Rate 

0 . 025 r/s to 0 . 25 r/s 

Optical Resolution 

Short Wavelength 

1 mr 

Long Wavelength 

2 mr 

Dwell Time/Gnd. Elem. 

Short Wavelength 

4 ms - 40 ms 

Long Wavelength 

8 ms - 80 ms 

Field of View (Uncompensated) 

60^ 

Roll Compensation 

S.?** 

Ho. of Elements/Array 

Short Wavelength 

1024 

Long Wavelength 

512 

Spectral Region of Operation 

Short Wavelength 

0 .4pm - 1 .0pm 

Long Wavelength 

1 .8pm - 14pm 

Performance 

Short Wavelength 

3 .5% at X- =0 .4pm 

(WEAp) 

0 

0 .3% at X = 0.8pm 
c 

Long Wavelength 

1®K 3 -5pm 

CNST)' 

1*K 8-14pm 
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TABl^ 3-2 


OPtO-!^EOHAlftQA^ OF aEIECTBD 

SINGIJ2 WAVEIENGCH MULTISPBCTRAt SCANNER DESIGN 


Characteristics 

Short Wavelength 
Sensor Module 

Long Wavelength 
Sensor Module 

Spectrei Coverage 

0.4 to X fira 

Ip to 14jAm 

No, of Spectral Bands per Sensor 

1 

1 

Means of Spectral Sorting 

Interference Filter 

Interference Filter 

Field of View Width per Sensor 

60® 

60® 

Mass. Blur Circle Diameter 

1 miiliradian 

2 milliradlans 

T/ 

l.S 

2.2 

Equivalent Focal length 

13 .3 mm 

S2.Qmm 

CCD Detector Array 

I024f I3t^m 
square elements 

512. 0.004” 
square elements 

Weight of Complete Assy. 

1 , 2 lbs . 

6.0 Ihs . 

Housing Material 

Al, Aly, 

AI. Aly. 

Field Distortion {S Map ) 

2% ma:c. 

Z% mas. 

Dewar Hold Time i 

— — 

12 Hrs. 
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TABLE 3-3 

ELEGTROHEOS: PERFORMANCE PARAMETERS AND CHARACTERISTICS 


Sensor Module Electronics 

Post Electronics Module 

Effective Video Signal Bandwidth 
Video CSain Control 

Digital Processing 


System Controller 


Tape System 


Calibration Source 


tiser Interface 


Clock Interface 
Temperature Monitors 
Calibration Source 

Video and digital signal processing 
and control 

Function of V/H Rate: 12.5 Hz to 125 Hz 

Function of scene dynamic range , 
two positions controlled by CCD 
integration time 

8 bit A/D conversion 
Sample Averaging 
Digital outputs 
tape recorder compatible 

Synchronizes all module processing 
and clocks , controls calibration 
sequence, calibration source, 

BIT, housekeeping 

24 channels of sensor data 
4 channels A/C and ancillary data 
17 minutes record time 

Capacitive discharge type: 
fixed voltage for short wavelength, 
variable for long wavelength 

Permits monitoring status of 
tape system and sensor modules 
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TABLE 3-4 

AMS SYSTEM POWER, WHGHT AND VOLUME BUDGET 


(a) Power 

(b) Weight (electronics only) 

(c) Weight (short wavelength) 

(long wcEVQlength) 

(d) Size (electronics only) 


Z watts 

Z lbs. 

3 ,2 lbs . 

8 .0 lbs . 

2-1/2" X 4.3" X 6" 


(a) Power 

(1) Data Formatting 

(2) Dual 1 7 Bit Accumuiator/Memory 

(3) Sample & Hold ^ Integrcttion Time Logic 

(4) Analog Multiplexer 

(5) CCD Timing Generator 

(6) Sources and Controllers 

(7) Assorted Interface IC’s 


58 .5 watts 
IS watts 
26.3 watts 
S .25 watts 
1 watt 
3 .25 watts 
5 watts 
2 .5 watts 


(b) Weight 

(c) Size 


IS lbs . 

7,5" X 10.5" X 12" 


ni. 

(a) Power 

(X) Elecftronic Control 
(2) Motor Drives 

(b) Weight 

(c) Size 


30 watts 
10 watts 
20 watts 
8 lbs. 

4" X 10. S” X 10" 
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TABLE 3-4 

AMS SYSTEM PO^VER» WEIGHT AND VOLUME BUDGET 

(Continued) 

XV. 

(a) Power Required from Vehicle (except tape system) 

(b) Power Output in Max, Configuration (24 channels) 

(c) Weight 

(d) Size 


2 . 1 kw max . 

1482 watts 
100 lbs. 

12'* X 12“ X 24" 


(a) Power (from vehicle) 

(b) Weight 
to) Size 


490 watts maximum 
107 lbs. 

(1) 20" X 16-1/4" X IS 

(2) 10" X 10" 14'* 


(For 24 Channel System - 16 Short Wavelength Sensors 

8 Long Wavelength Sensors) 


(a) Power 

(b) Weight 


2600 watts 
690 lbs . 


APPENDIX B 


OPTICAL DESIGN ANALYSES 





A.MS SHORT WAVELENGTH SENSOR 


SPOT DIAGRAM FOR f/0.8 
SYSTEM 
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APPENDIX C 


SUBSYSTEM AND COMPONENT DATA 
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GStUCO E9eCtro*0plJCS COfpi Oameo Park, Sturbridge, Ma^chusetts 01518, (617) 347-9idi 


May 23, 1978 . 


Mr. David Zink 
Barnes Engineering Co. 

30 Commerce Road 
Stamford, Connecticut 06904 




Again, I apologize for the delay in getting this information to you. I would 
also like to extend to, you any and all assistance from both the Galileo 
marketing and engineering staff. Feel free to contact us for any reason. 


Speaking for John Smith and myself, we look forward to working with you on 
this project. 


Sincerely, 


Itonrad A. Lisi 
Sales Engineer 


KAL:dk 


cc: C. DeLuca 
J. Smith 
L. Thompson 

R. LeDuc 


mm 




Subject: CCD Detector Array Application 


Reference: Conversations with Mr. John Smith, Production Engineer 
for Galileo 


Dear Mr. Zink: 


Let me first apologize for Galileo and for Mr. Richard LeDuc of Sturgeon 
Company for not responding sooner with the information you had requested. 
By no means is this an everyday occurence but, as in most businesses, a 
breakdown in communications does come about once in a while. Let me 
assure you, Mr. Zink, this will not happen again. 


Now, your CCR application of mating a 1,000 element fiber optic bundle, 
per copy of your sketched attached, to a CCD which measures 13 microns 
X 13 microns x 13 microns center is very feasible, per our production 
engineer, based on the information supplied. We would, however, require 
a more detailed set of specifications, and to get this project off the ground, 
would require approximately $25,000 to $45,000 in non-recurring engineering 
charges. 



^CCD 
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GENERAL DESCRIPTION — t ^ Cr )121H fs a monolithic setf^scanned 1728-Glement 
Image Sensor designed for page scanning applications. The device provides a SOO-line per 
inch resolution across an 8*1/2 inch page. Other intended applications are: facsimile 
readers, optical character recognition, as well as imaging applications that require high 
resolution, high sensitivity and high speed. 

In addition to a row of T728 sensing elements, the CCD121H chip includes: two charge 
transfer gates, two 2-phase analog shift registers, an output charge detector/preamplifier, 
and a compensation output amplifier. The 2*phase analog shift registers both feed the 
input of the charge detector resulting in sequential reading of the 1728 imaging elements. 

The cell size is (0.51 mils) by 17ft (0.67 mils) on 13p (0.51 mils) centers. The device 
is manufactured using Fairchild charge coupled device buried-channel technology. 


DYNAMIC RANGE TYPICAL; 500:1 (PEAK-TO-PEAK), 2500:1 (rmsi 

1728 ELEMENTS ON A SINGLE CHIP 

ON-CHIP PREAMPUPIER AND COMPENSATION AMPLIFIER 

LOW POWER REQUIREMENTS 

ALL OPERATING VOLTAGES UNDER 15 V 

PACKAGED IN A 24-PIN DUAL IN-LINE HERMETIC PACKAGE 

LOW NOISE EQUIVALENT EXPOSURE 

WIDE RANGE OF VIDEO DATA RATE ORIGINAL PAGE IS 

DIMENSIONALLY PRECISE PHOTOSITE SPACING pQQj^ QUALITY 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


«1AC, 8 

TP3C 10 
TP4C 11 
VssCia 


2*avss 
23 □cs 
22 □OD 

ai Dos 
20 □nc 

19 HNC 



18 □ «28 

1 

^ IB 3^X8 


14 3TP2 
13 DpC 



PG 

PIN NAMES 
Photogate 


Transfer Gate Clocks 

^1A'<^2A 

Analog Shift Register 
Transport Clocks 


Output Gate 


Output Transistor 
Source 


Output Transistor 
Drain 


Compensation Tran- 
sistor Source 


Reset Transistor Gate 
Clock 


Reset Transistor Drain 


Test Point 


Substrate iGround) 


No Connection 




CCD121 H - 1728-ELEMENT LINEAR IMAGE SENSOR - CHARGE COUPLED DEVICE 










































HAlpCHilD CHARGE COUPLED DEVICE • CCD121H 





DEFINITION OP TERMS (Cant'd) 

Peak-to-Feak Npiss Equivalent Exposure — The exposure level which gives an output signal equal to the peak-to*peak noise 
level at the output in the dark. 

Saturation Exposure — The fninimumexposuretevel that w/ill produce a saturated output signal. Saturation exposure is equal 
to the light intensity times the photosite integration time. 

Spectral Response Range — The spectral band in vvhioh the response per unit of radiant power is more than 10% of the peak 
response., 

Responsivity — The output signal voltage per unit exposure for a specified spectral type of radiation. Responsivity equals 
output voltage divided by exposure level. 

Photoresponse Non-uniformity — The difference of the response levels of the most and the [east sensitive element under 
uniform illumination. This is commonly expressed as a percentage of the saturation output voltage. 

Average Dark Signal — The output signal level in the dark averaged over all elements and measured relative to the baseline 
output voltage established by the reset clock. This is a linear functiorj of the integration time. It is also strongly dependent on 
temperature. This is commonly expressed as a percentage of the saturation output voltage. 

Park Signal Nmi-uniformity — Maximum deviation of the output voltage of any element from the background level in the 
dark. This is commonly expressed as a percentage of the saturation voltage. 


Saturation Output Voltage — The maximum signal output voltage. 

Integration Time - The time interval between the falling edges of any transfer pulse and as shown in the timing 
diagram. The integration time is the time allowed for the photositas to collect charge. 

Output Signal Range — The output signal range is defined as OSR = ^Transport^ ^ Average Signal 

Of^et where; = Integration Time; ^Transport ” necessary to transfer the charge packets from the analog shift 
1728 

registers and is equal to — - . Integration time (t||^y) does not necessarily equal transfer time integration 

times are required, t-j-ransport minimized (increase to maximize OSR. 

Average Signal Offset — Average signal offset is a dc offset of the output voltage (due to the average leakage current in the 
CCD registers) which increases linearly witii the transfer time. 


TEST LOAD CONFIGURATION 


M5V 



DC CHARACTERISTICS: = 2B“C 


SYMBOL 

Vqd 

^RP 

Vqg 

Vpg 

TP1.TP3 

TP2.TP4 


CHARACTERISTIC 


Output Transistor Drain Voltage 
Reset Transistor Drain Voltage 
Output Gate Voltage 

Photogate Voltage 

Test Points 

Test Points 


MIN 


14;5 


11.5 


45 


10.0 


RANGE 

TYP 

15.0 

12.0 

^ 

103 

0.0 

IS.O 


MAX 

15.5 

12.5 
5.5 

10.5 


1S.B 


UNITS 


V 

V 

V 

V 

V 


CONDITIONS 


Note 1 


14.6 


















mmc 


CLOCK CHAHACTEmSTICS;TA = 25«C- 


SVM90L CHAlttcniR^ 


'^# 1 AL''^ 018 L Artafoe Shift 
%2AL^V*2BL Trangport Clocks LOW 


Analog Shift Regi^er 
Transport Clocks HIGH 


. Transfer Gate Crock LOW 


Transfar Gate Clock rriGH 


Reset Clock LOW 


Resei CIocltHlGH 


VlA'^^1 5 iWaximum Analog Shift RagistBr 

f*2A*f*2B Transport Clock Frequency 


^0R Maximum Reset Clock Frequency 

(Outnut Bit Rate' 




DEVICE • CCD121H 


RANGE 




CONDITIONS 


Notes 4, 5 


Notes 4, S 



AC CHARACTERISTICS: T^ - 25°C, = f^2 ^ 0-S MHz, fgjR = I MHz, tjuff si 1.78 ms, tfpANSPORT ^ ^ -73 ms, See Note 14. 


SYMBOL 


RANGE 




CONDITIONS 



CHARACTERISTIC 


Dynamic Range 


Peak-tO'Peafi' Noise Equivalent Exposure 


Saturation &tposure 


Spectral Response Range Limits 


Responsivity 


Photoresponse Non-uniformity 


Average Dark Signal 


Dark Signal Non-uniformity 


Saturation Output Voltage 


Output DC Level 


Rivver Dissipation 


Output Impedance _ , 


Rate of Average Signal Olfset 


NOTES; 

Z- Negative transients on the decks below 0.0 V may cause an increasa in apparent dark signal. 

3 = <^0X8 ~ "" ^^28 “ ^«BA ‘nSRB ® 

4. Xhe resutlingdata oulputfrequency Is twice that of each analog shift regisisr clock, U2A‘ ^«1B’ ^^28' 

5. Minimum clock fraquency Islimitedby increase in dark current whicn reduces output signal range OSR. see curves, 

6. Thedyna'inic rariga is measured by taking the rapo of the saturation output voltage to the peak-to-peak noise of the device in the dark. Because of the high 
degree of tjnearity.of the device the dynamic range measuremont is also approximately equal to the ratio of the saturation exposure to the peak-to-peak 
nofsa qquivalsnt exposura. 

7. 1 uifcnfi = 0.02 fes at 2854*'K, 1 fes = 60 pj/em* at 2S54“K, 

: 8, Measurement is done at *• BSO mV output level. Measurement excludes first and last elernents but includes both rogisters'outputs.' 

9. See test load configurations. 
lO.See definition of terms. 

It. For 2864“K light source. 

12. see curve. 

13. DSNLf has similar integration time and temperature dependence as ADS; 

14.lt is recommended to use an infrared blocking fitter to obtain minimum FRNLI and crosstalk. 








































































































FAIRCHILD CHARGE COUPLED DEVICE • CCD121H 


PHOTOELEMENT DIMENSIONS 



Ptiola Eltnwni 


All dlm«niion« ara 
typical valtwf 


Phocofita 


Oiannt< 

Stopi 


original Page is 

OF POOR QVajjjy 


TYPICAL PERFORMANCE CURVES 


OUTPUT SIQNAL LEVEL 
VERSUS INTEGRATION TIME 
2864<>K TUNGSTEN SOURCE 



iMnanATiOM naia - mt 


MODULATION TRANSFER FUNC- 
TIONS FOR TWO BROADBAND 
lUUMINATION SOURCES 
8MTUU. paaouaNCv - cvcua/mm 



D 0.2 0.4 o.a 0.0 t n 

NonMAuzao OMTiAt. pmouaNcv 


Tho Coming 1 -76 liltor haa ttM (oilowing tvp- 
icai iranamlttsnco tpactral eharactonatic 
>86% At <800 nm. 80% at 700 n<n. 30% at 
8iX> ran. 5% at 900 nm and <2% at > 1 000 nm. 


AVERAGE DARK SIGNAL 
VERSUS INTEGRATION TIME 



O.t 1.0 10 100 

tINT - INTaoaATION TIMa - mt 


MODULATION TRANSFER 
FUNCTIONS FOR NARROW BAND 
lUUMINATION SOURCES 
aaATiAL nitouiMCv - cvcut/nxi) 



0 ■ ' ‘ ■ ■ ' ' ■ ‘ ‘ 

0 0 2 0.4 O.a o.a i.o 

NOAMAUnO tPATIAt. paaoucNcv 



400 600 aoo tooo 


WAVILINQTH - nm 


Note 1 Iniarnal raRMnaiviiy it ralaiad to the 
retpontivitv at tha output through intagration 
tima and preitnp cham-to-voltaga comar. 
Mon gam 

Nota 2. intamal ratpontiviiy panamt to plio- 
toalameni tignal only: it eicludet tha thilt m 
black rafarenca laval producad by long wava- 
langth radiation. 

C* L-t 

•■tj 
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FAIRCHILD CHARGE COUPLED DEVICE o CCD121H 


PI-fOTOELEMcNT DIMENStONS 



typical valtiaa 



TYPICAL PERFORMANCE CURVES 



MODULATION TRANSFER FUNC- 
TIONS FOR TWO BROAOeANO 
ILLUMINATION SOURCES 

SfAtlAUfAEaUENCY - CVClEa/imn 



NORMUIZED SPATtAL FHEaUENCV 


Tha Corning 1 -7S f lltsr has the following typ- 
ical iranamtttsncB ^ctral characiaristic; 
>8B9& at <600 nnr, 60% at 700 nm. 30% ai 
eOOmir. 6%at SOOnni and<2% at> 1 000 nm. 



MODULATION TRANSFER 
FUNCTIONS FOR NARROW BAND 
ILLUMINATION SOURCES 

SPATUU. FHEQUENCV - CVCLES/mm 



NORMAUZEO SPATIAL PREQUENCV 


TYPICAL SPECTRAL RESPONSE 



4SO BOO aoo 1000 

WAVEUNQTH - nn> 

Nolo 1 tniernal respansivity ia ralaied (o the 
responaivjiy attha outpu: through Integration 
time and preamp charoe-ta-voliage conver- 
sion gom.^i 3<^ 

Note 2. Internel reaponsivity pertains topho- 
loeleinem signet only; it excludes the shift In 
blade reference lava! produced by long wave- 
length radietton. 


C-C-ir 



S 







TIIUUNG DIAGRAM DRIVE SIGNALS 




Timing requirBinents for Reset Pulse 
tf ■ < 0.3 (ttfifjl 

0.25 <0.5 (t02> 


Timing requlremants for 0^^ " g 
0.1 < (t, - 1|) < 0.4 





FAIRCHILD CHARGE COUPLED DEVICE • CCD121H 



PACKAGE OUTLINE 
24*Pin Dual ln<tine Hermetic Package 


4 aoeotatm 
|K COOnCINATE 


^l OMREF (27.43t*« 
- I.»QAE1> Ca4BI- 


-5CRIEE0L1NESQH 
THE Package 



la2»iaoo3 
V coonomATe 


aOS2 TOACFQIR 
11.331 TO TOP OP COVER 


qgta Ip 
lOJiaiT 


SIDE BRA2E 
i \ PIN . 

IX.." 1 


ORIGINAL PAGE IS 
OF POOR QUALiry 


NOTES; 

All dlmaraioni in inches (bold) end mllUmstersIparantheils). Header it black ceramic (At 203 ). Transparent portion of package is glass. The 
CCD121 H hermetic package carries the number "24'* close to pin 1 of the device. This number should not be confused with pin 24 of the de> 
vice is connected to V 33 (substrata). 


ORDER INFORMATION — Order CCD121HC where "H" stands for hermetic package and “C" is commercia) temperature 
range. The CCD121 HC is the raplauement for the CCD121 DC. The two devices are pin-for>pin compatlfaie. The output on-chip 
amplifier of the CCD121H is an improved design (over the GCD121) providing a higher saturation output voltage of typically 
7SD mV. 

Also available is a printed circuit board that includes all the necessary clocks, logic, drivers and video amplifiers to operate the 
CCD121H. The printed circuit board is fully assembled and tested and requires three power supplies for operation (-t-S V, 
f-IE V and -15 V). The printed circuit board order code Is: CCD121HB. 
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CRITICAL EXPOSURE LEVELS FOR FAIRCHILD CCD 121 H 
(Based on Typical Values Shown on Data Sheets) 

(Source Fairchild Semiconductor) 



CGD121H 


UNITS 


Saturation Expos ure N _ _ _ 

SAT 

1 

1.2 X 10® 

1 

1 

ei/pix 

2800 Radiation 

1 


Photometric Units 

1.0 X 10 ^ 

fc s 

Radiometric Units 

5 X lO"^ 

T -2 

J cm 

Peak Spectral Radiation 

1.6 X 10“^ 

T -2 

J cm 

per Element 

0.34 

Pi 

Sensitivity (Notes 1, 2) 



Radiation 



Photometric Units 

3 X 10 

fc s 

Radiometric Units 

-8 

1.5 X 10 

T -2 
J cm 

Peak Spectral Radiation 

5 X 10 ^ 

J cm ^ 

per Element 

10 

f I 

Noise Equivalent Exposure (Note 2) 



2 800 ®K Radiation 



Photometric Units 

6 X lO"® 

fc s 

Radiometric Units 

3 X 10“^ 

T “2 
J cm 

Peak Spectral Radiation 

1.0 xio"^ 

J cm ^ 

per Element 

2.0 

£J 


(1) Sensitivity is defined as the exposure level at which the signal level 
equals the peak-to-peak random noise level . This is approximately the 
lowest exposure level at which full resolution can be obtained. The 
peak-to-peak random noise level is approximately five times the RMS 
noise level . 

(2) These noise-related exposure levels are based on noise measured 
within the video period of each element period; and at the test frequency 
specified in each data sheet. Major noise, in this case, is input- 
capacitance noise. 















CCD131 

1024€LEMENT UNEAR IMAGE SENSOR 

CHARGE COUPLED DEVICE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


GENERAL OESCRIPTiON - The CC0131 is a monolithic self-scannad 1024 Element 
Image Sensor designed for page scanning applications. The device provides a 120 line 
per inch resolution across an 8-1/2 inch page. 

The device is also intsndad to be used for ^scstimile readers, optical character recogni- 
tion, as well as imaging applications that require high resolution, high sensitivity and 
high speed. 

in addition to a row of 1024 sensing elements, the CC01 31 chip includes: two charge 
transfer gates, two 2-phase analog shi.. registers and two gated charge integrators that 
provide at the output typically a 1 V swing. 

The cell size is 13 p (0.S1 mils) by 13 At (0.51 mils) on 13 // (0.51 mils) centers. The 
device is manufactured using Fairchild charge coupled device buried channel technology 
and packaged in a 24 pin hermetically sealed DIP with a glass window. 

e DYNAMIC RANGE S00:1 TYPICAL 
e 1024 ELEMENTS ON A SINGLE CHIP 
e LOW POWER REQUIREMENTS 

e ON-CHIP AMPURER PROVIDING A 1 V TYPICAL OUTPUT SWING 
e AU OPERATING VOLTAGES UNDER 18 V 
e PACKAGED IN 24-PIN DUAL IN-UNE HERMETIC PACKAGE 
e LOW NOISE EQUIVALENT EXPOSURE 
e WIDE RANGE OF VIDEO DATA RATE 
e DIMENSIONAUY PRECISE PHOTOSITE SPAONG 

e ADDITION OF SIMPLE OUTPUT NETWORK PROVIDES CONTINUOUS VIDEO 
INFORMATION 


CONNECTION DIAGRAM 
DIP (TOP VIEW) 


PQ^ 
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TP2(^ 
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BLOCK DIAGRAM 
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PIN NAMES 


PG 

Photogste 

^XA'^XB 

Transfsr Gats Clocks 

*1A'^2A 

♦l8'^28_ 

Analog Shift Rsgistsr 
Transport Oocks 

0G;^,06b 

Output Gatos 

OS^.OSg 

Output Transistor Sourcss 

00;,.0Db 

Cutput Transistor Drains 

^RA'^RB 

Roast Transistor 
Gate Oocks 

R0a.R0b 

Roast Transistor Drains 

TP 

Tsar Point 

^SS 

SubsD.its (Ground) 
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CCDI31 • 1024-ELEMENT LINEAR IMAGE SENSOR - CHARGE COUPLED DEVICE 





























FAIRCHiLD CHARGE COUPLED DEVICE • CCD131 


ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Operating Temperature 
Pins 1, 3, 4, 6, 6, 7, 8, 17, 18, 19, 20, 21, 22 
Pins2,9,11, 12, 13, 14, 16,23 
Pins 10, 15, 24 


ORIGINAL PAGE IS 
OF POOR QUALITYl 


-25*=’Cto 100°C 
-25°C to 55°C 
-0.3 V to 12 V 
-0.3 V to 18 V 
Ground 


Caution: The device has limited builMn gate protection. It is recommended to control and minimize static charge build- 
up. Care should be taken to avoid shorting leads and OSg to the positive supply {15 V) or ground. 

FUNCTIONAL DESCRIPTION — The CCD131 consists of the fcilowmg functional elements illustrated in the Block Dia- 
gram: 

Image Sensor Elements - A row of 1 024 image sensor elements separated by diffused channel stops and covered by a sili- 
con photogate, image photons pass through the transparent polycrystaJtine silicon photogate and are absorbed in the single 
crystal silicon by hole-electron pair production. The photon generated electrons are accumulated in the photosites. The 
amount of charge accumulated is a linearfunction of the incident illumination intensity and the integration period. The out- 
put signal will vary in this analog manner from a thermally generated noise background at zero iitumination to a maximum 
at saturation. 

Two Transfer Gates - Gate structures adjacent to the row of imago sensor elements. The charge packets accumulated in 
the image sensor elements are transferred out via the transfer gates to the transport registers. Alternating charge packets 
are transferred to the right and left (A and B) analog transport shift registers. The HIGH states of the transfer gates must 
be contained by the HIGH state of the transport shift register clocks. The next light integration period is started when trans- 
fer gates go LOW. 

Two 51 6-Biit Analog Shift Registers - One on each side of the row of image sensor elements and separated from It by a 
Transfer Gate. The two registers are used to move the image generated charge packets serially from the sensor elements 
to the charge detector/preamplifier. The phase relationship of the last elements of the two shift registers provide for alter- 
nate delivery of charge packets to re-establish the serial sequence of the photosites. 

Two Gated Charge Datector/Preamplifier - Charge Packets are transported to the output charge detector/preampii- 
fier through the output gate. A precharged diode potential changes linearly in response to the quantity of signal charge de- 
livered. This potential is applied to the gate of the first of a two-stage source follower (as shown in the circuit diagram), The 
output voltage corresponding to the charge packet is present at the source of the output transistor (Pins OS^ and OSg). 


OEFINtTION OF TERMS 

Charge Coupled Device - A charge coupled device is a semiconductor device in which isolated charge-packets are trans- 
ported from one position in the semiconductor to an adjacent position by sequential clocking of an array of gates. The 
charge packets are minority carriers with respect to the semiconductor substrate. 

Transfer Gate Clocks 0XA'^XB ~ voltage waveform applied to the transfer gate to move the accumulated charge 
from the image sensor elements to the CCD shift registers. 

Analog Shift Register Transport Clocks 4 >‘\ 02A* B’ ^2B ~ 2-phase deck applied to the gates of the 

CCD shift registers to move the charge packets received from the image sensor elements to the gated charge-detector pre- 
amplifiers. 

Gated Charge Ootactor Preamplifiers — The output circuits of the CCD1 31 which receive the charge packets from the CCD 
shift registers and provide a signal voltage proportional to the size of each charge packet. Before each new charge packet 
Is sensed the reset clocks return the ouhiut voltage to a base level (zero reference level). 

Reset Clocks ^R6 ~ voltage waveforms required to drive the gated charge detector preamplifiers. 

Dynamic Range - The saturation exposure divided by the peak-to-peak noise equivalent exposure. This does not take into 
account dark signal non-unifermities or average dark signal. Dynamic range is sometimes defined in terms of rms noise. 
To compare the two definitions, a factor of 4 to 6 is generally appropriate. (Peak-to-paak noise is approximately equal to 4 
id 6 times rms noise), 

Psak-to-Peak Noise Equivalent Exposure - The exposure level which gives an output signal equal to the peak-to-peak 
noise level at the output in the dark. 

Saturation Exposure - The minimum exposure level that will produce a saturated output signal. Saturation exposure is 
equal to the light intensity timas the photosite integration time. 

Spectral Response Range - The spectral band in which the response per unit of radiant power is more than 10% of the 
peak response. 
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FAIRCKIID CHARGE COUPLED DEVICE e CCD131 


l^espcmsivily - The output signat voltage per unit exposure for a specified spectral type of radiation. Responsivity equals 
output voltage divided by exposure level. 

Photoresponse NoH'unifQrmity - The difference of the response levels of the most and the least sensitive element under 
uniform illumination. This is commonly expressed as a percentage of the saturation output voltage. 

Average Dark Signal - The ouqiut signal level in the dark averaged over all elements and measured relative to the base 
line output voltage established by the reset clock. This is a linear function of the integration time, it is also strongly depend- 
ent on temperature. This is commonly expressed as a percentage of the saturation output voltage. 

Dark Signaf Non-unifomiity ^ Maximum deviation of the output voltage of any element from the background level in the 
dark. This is commonly expressed as a percentage of the saturation voltage. 

Saturation Output Voltage - The maximum signal output voltage. 

Integration Time - Hie time interval between the falling edges of any transfer pulse and shown in the timing 
diagram. The integration time is the time allowed for the photcsites to collect charge. 

Output Signal Range - The output signal range is defined as OSR = Vgg^ ~ + t-yrg nsfer^ ^ of Average Signal Offset 

where: = Integration Time; tjfg,^3fg|. == time necessary to transfer the charge packets from the analog shift registers 

and is equal to SlS/f^;;. Integration time does not necessarity equai transfer time ftjrgpgfgf). If long integration 
times are required, should be minimized (increase to maximize OSR. 

Average Signal Offoat - Average signal offset is a dc offset of the output voltage (due to the average dark signal in the CCO 
registers) which increases linearly vjith the transfer and integration time. 


TEST LOAD CONFIGURATION PHOTOELEMENT OIMENStONS 




FAIRCHILD CHARGE COUPLED DEVICE • CCD131 




DC CHARACTERISTICS: T^ » 25°C 


SYMBOL 

4 

PARAMETER 

RANGE 

MIN 

TYP 

MAX 


Output Transistor Drain Voltage 

14.5 

15.0 

15.5 

''RDA'Vrob 

Reset Transistor Drain Voltage 

14.6 

15.0 

15.5 

VOGA'VOGS 

Output Gate Voltage 

4.6 

5.0 

5.5 

VpG 

Photogate Voltage 

8.5 

9.0 

9.5 

TP1.TP3 

Test Points 


0.0 


TP2, TP4 

Teat Points 

14.5 

15.0 

15.5 




CLOCK CHARACTERISTICS: T^ » 25°C 


SYMBOL 

PARAMETER 

1 RANGE 

MIN 

TYP 

MAX 

1 

''^1AL*''01BL 

V(^2AL*V,fr2BL 

Analog Shift Register 
Transport Clocks LOW 


0.5 

0.8 

''^lAH'V^IBH 

V02AH'''d28H 

Analog Shift Register 
Transport Clocks HIGH 

mm 

8.0 

9.0 




'^♦XAL''^^X8L Transfer Gate Clock LOW 




0.8 




'^«nAL'''0RBL Reset Clock LOW 




Notes 2. 3 



R eset Clock HIGH 

Maximum Analog Shift Register 
Transport Clock Frequency 

Max. Reset Clock Frequency 




V 

Note 3 

MHz 

Notes 4, 5 

Mftz 

Notes 4, 5 


AC CHARACTERISTICS: Ty^ * 25^C f^^ ~ f^2 ~ ~ 2.S MHz, t|(^ — 768 ius, lyRAi^SP^R “ 204.8 /iS 


SYMBOL 

PARAMETER 

RANGE 


CONDITIONS 

MIN 

TYP 

MAX 


OR 

Dynamic Range 


500 



Notes 6, 7 

NEE 

Peak-to-Peak Noise Equivalent Exposure 


2 x 10 “3 


Afj/cm* 

Notes 7 

SE 

Saturation Exposure 


1.0 


pj/cm* 

Notes 7 

SR 

Spectral Response Range Limits 


0.46-1.05 


pm 


R 

Responslvity 


1.0 


V per /ij/cm* 

Notes 9,10,11 

PRNU 

Photoresponse Non-uniformity 


±6.0 

±10 

wsmsm 

Note 8 

AOS 

Average Dark Signal 


1.0 

3.0 

%ofV„, 


OSNU 

Dark Signal Non-uniformity 


3.0 

5.0 

■S&IS 

• 


Saturation Output Voltage 

700 

1000 


mV 

Note 9 

IB 

Power Dissipation 


165 


mW 

Voo = 16 V 

z 

Output Impedance 


1000 


n 


N 

.‘*eak-to-Peak Noise 


2.0 


mV 


RSO 

Rate of Average Signal Offset 


10 


mV/ ms 



NOTES: 

’ • VpRH ''rD- 

2. Negative transianis on the docks below 0.0 V may causa an incraasa in apparent daik signal. 

3- C^aA ’ '-♦XB ■ " ^P2A “ Cp2B * 200 pF, ■ C^rB - 10 pF. 

4. The resulting data output frequency is twica that of each analog shift register clock, f^f ^24* ^pIB’ *P2B’ ^PRA' ^PRB' 

5. Minimum clock frequancy is limited by incraasa in dark currant which raducas ouqtut signal range OSR. Sea curves. ^ 

6. The dynamic range is measured by taking the ratio of the saturation output voltage to the paak-to-paak noise of the device in the dark. Because of the high 
degree of linearity of the davica the dynamic ranga maasuramant is also approximately equal to Iha ratio of the aaturation exposure to tha paak-to-paak 
noise equivalent exposure. 

7. 1 Pi/cm* - 0.02 fes at 28540K, 1 fes - 50 /ui/cm* at 28S4*K. 

a. Measurement is done at 50% of saturation output level. MMSuramant excludes first and last alamants but includes both registers outputs. 

9. See test load configuration. 

10. See definition of terms. 

1 1. For 2864°K light sourea. 




































































































































TIMING DIAGRAM DRIVE SIGNALS 
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Timing requirements for Transfer Gats Pulses ^XA' ^XB 
= t3 > 0.8 
t2 = t4 > 0.1 JUS 

Timing requirements for Reset Pulse 
t, = tf < 0.3 (i^r) 

0-5 (f^aJ ^ 

Timing requirements for a “ B « 

0.1 (t0at<{V = tf)<O.4|t^2> 


VIDEO data 
VAUD FflQM 
T»IEA£]D6 


AESET 
CLOCK FECI 
THROUQH 



I ouiTuir 


I ruwoK 


*^NOTE; At each end of tha 1024 phoioaramontB there exists one extra element 
{0 and t025}« These elemontsare pertly Illuminated due to a partial covering 
of opsaue aluminum. 
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® CHARGE COUPLED PHOTODIODE ARRAYS 
CCPD-256, CCPD-1024, CCPD-1728 
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Until now, us«rs of solid-state image sensors have had to 
choose between devices optimized for iow-noise readout 
(CCO) and devices with optimized sensor characteristics 
'jhotodiode arrays). 


Although the low output capacitance of CCO imagers 
simplifies low-level signal extraction, the CCD sensing ele- 
ments have a number of serious drawbacks: The semi- 
transparent electrode covering the sensing area causes gross 
optical interference effects throughoutthe visible spectrum 
and, in addition, absorbs strongly at short wavelengths, 
drastically reducing the blue response. In addition, CCD 
imagers have relatively low saturation charge, limiting 
their signal handling capability, and they typically have 
high dark currents which restrict their use to short inte- 
gration times (high scan rates). 


While self-scanned photodiode arrays have a high output 
capacitance which makes tow-level signal extraction more 
difficult, these devices have nearly ideal sensor character- 
istics. They have the full silicon spectral response including 
blue and UV and are free of interference effects. They 
have a large signal handling capability, have little cross- 
talk or blooming, and have low dark currents. 


Reticon has now successfully combined the advantages of 
the CCD and photodiode array technologies to produce 




FUNCTIONAL DESCRIPTION 

The CCPD pin configuration is shown in Fig. 1 and a sim- 


plified schematic diagram is shown in Rq. 2. The sensing 
elements are a row of diffused p-n junction photodiodes 
spaced on 16 canters and interdigitatcd into a sensing 
aperture 16 pm wide. 


Light incident on the sensing aperture generates photocur- 
rent which is integrated and stored as a charge on the 
capacitance of each of the photodiodes. If the charge 
accumulated on any diode exceeds a saturation value, tha 
excess is shunted to Vqd through the anti-blooming ga'es 
Vab. thus avoiding blooming affects. 


At the end of each integration period, the charges on all 
the diodes are simultaneously switched through transfer 
gates Sy into one of two CCD analog shift registers for 
readout. The odd diodes are switched into one register 


4 - 


for the first time a truly optimized family of solid-state 
image sensors. Our new CCPD (Charge Coupled Photo- 


diode) devices utilize diffused photodiode sensors which 
are essentially identical to those used in other Reticon 
products, but incorporate CCD readout registers and out- 
put buffer amplifiers for low-noise signal extraction. In 
addition, CCPD devices contain an anti-blooming gate 
which not only suppresses blooming but can also be used 
to set the integration period independently of the line rate. 


- I: 


CCPD devices are available with 256, 1024, or 1728 
sensor elements on 16 jum centers. All three devices are 
mounted in 22-pin dual-in-line ceramic packages with 
ground and polished optical windows, and all have identi- 
cal pin configurations. 


Key features of Reticon's CCPD Devices include the 
following: 


• 256, 1024, or 1728 elements on a single chip 

• Dimensionally precise 16 pim x 16 /im picture elements 

• Low power requirements 

• Plus 12 and minus 5 volt supplies 

• On-chip preamplifier 

• Wide dynamic range: typically 500:1 (peak-to-peak). 


2500:1 (rms) 

• Low noise-equivalent-exposure 

• Video sample rates up to 5 MHz 

• Up to 40 msec integration time 

• Smooth spectral response 

• Useful response in blue and UV 

• High resistance to blooming 

• Standard 22-pin ceramic dual-in-line package 

• High volume production process 


».;* • . 'Sf . •. 
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and the even diodes into the other. Immediately after this 
parallel transfer, a new integration period begins. 


COMMON SNO I 


an vdo output omin bias 


000 VIOGO Mi 


Zl EVtN Vioeo 


RESET DRAM BAS V|«o [ S 
000 RESET CLOCK ^no [ * 
000 CCO CLOCK ^ [ 3 
SUBSTRATE BIAS VuB ( • 
000 CCO CLOCK ^ [ T 
000 CCO CLOCK [ • 
000 INPUT SATE SAS Vjg | 9 
RECEIVINO GATE CLOCK Qn 


to I OUTPUT GATE BIAS 
’sj^RB EVEN RESET CLOCK 
t* I ^ EVEN CCO CLOCK 
IT I SUBSTRATE BIAS 




EVEN CCO CLOCK 


ANTIBLOOMINO GATE BIAS Vm N" 


is|] EVEN CCO CLOCK 

M I EVEN INPUT GATE BIAS 

II I tpy transfer CLOCK 
a 1 1 ^, 000 a EVEN cco clock 


Figure 1. Pin configuretion (idontlcai for CCPO-2S6, 1024, 
Biul 1728) 
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RETICON CORPORATION 91 Q Benicia Avenue, Sunnyvale, California 94088 
Phone: (408) RET-ICON, (408) 738-4266, TWX: 910-339-9343 




4CVfi« -ttrD!l,(tVDi 
fj . 



^R0»+BE* ^3 ; 


MrSO«*KV<i. 


♦i . v 

moi ICC" icoM 


FIgun 2, S<h*m!it!cKi>tgi1itn of GQFPi. Lpid resiston R|^ 
ar*connict«d oxttmiiUv ' 


Peaclput^ a^ by clocking the CCD 

tere so that tiie charge packets are delivered seqMentiaUy 

into iwo 

de jiyer the charge packets alternately, allowing the in active 
charge detector to be reset to a fixed level by 0 r vvhite 
the opposite detector is active. The outputs of the tvvo 
detectors may than be multiplexed off'chip to obtain a 
stepwise'continuous video signal. 

OPERATION ORIGINAL PAGE IS 

OPERATION Oj, QUAT,rrr 

In the usual mode of operation, the CCPD requires four 
clock phases, a transfer gate pulse, and two dc voltages 
(-5V and +12V). The four-phase clock waveforms should 
swing between 0 and -<■12 volts with timing as shown in 
Figs. 3A and 3B. The falling edges of 0^ and 03 should be 
delayed (or stretched} as shown in Fig. 3B to insure 
smooth transfer of charge. 02 ^nd 04 are ncn-critical. The 
time between the transfer-gate puises determines the inte- 
gration time as shown in Fig. 3C. 


Figure 3A. Four-phxe CCD clack timing ditgTStn 




tr » RISE TIME 
lo » OVER LAP TIME 
tf » FALL TIME 


*1 If < 15 .n 

}■ 0 <lo< 10 ti 

J 20<tf<'K)f 


Figure 3B and 03 clock adgat f or optimum parfonnance. 
02 04 <ra nan-critical 


-NTESRATIOH TIHE- 


ohw w tjminc, fSB, optimum opehatwh, 
: THE beset d.0CKS, ANO SHOuto HE ajocxeu 

THAOIfiH 5EMIUTE $OufKE RESISTOBE KE£ TEXT]. 


Figure 3C.I Timin8ra|atrbiuhip6ftianiderputM^ 

transport clocks^ reaatelocks, and video outputs. 


The transfer pulse should sv/ing between -4 and +5 volte 
and have a width greater than 1 jusec. In order to transfer 
the charge from tlte photodiodes Into, the CCD register, 
the 03 and 04 clocks should remain high during the blank- 
ing and tranter interval, as shown in Fig, 3C. This same 
figure also shows 0 r^, the even reset clock, and Its rela- 
tionship to 04 and 03 clocks as well as the odd and even 
video outputs. The odd and even output reset clocks 0 rq 
and 0RE are derived teom the same sources as 0v and 03 
and are nominally synchronous, respectively, except that 
they do not have the falling-edge delay of Fig. 3B, and will 
require a separate MOS driver for optimum perfottnance. 
See Fig. 10 for an example of a circuit for deriving these 
clocks. A bias charge level is required in the CCD registers 
to obtain optimum operation. This charge is supplied by 
biasing the inputs to the registers (Pins 9 and 14] with a 
small positive voltage in the range of 0 to 2.5 volts. Also, 
in order to balance the dc output levels of the two register, 
it is convenient to adjust one input level relative to the 
other. Resistive divider (potentiometers) may be -used 
since very little current is required. 


The output gate (Pin 20) draws negligible current. It also 
may be biased, through a resistive divider, to a voltage 
(non-critical) of from 2 to 2.5 volte. 


The substrate (pins 6 and 17) is held at -5 voits; the com- 
mon reference (Pin 1) and the anti-blooming gate (Pin 11) 
are at ground; and the output amplifier drain. Pin 22, is at 
+12 volts. The resrt drain (Pin 3) normally is connected to 
+12 volts, but may be at an intermediate level if desired. 


In some applications, it may be desirable to define an inte- 
gration period shorter than the read-out time. This may 
be accomplished by resetting the diodes with the anti- 
blooming gate. At the desired reset time Vab is pulsed to 
+5 volte for at least one jisec and then back to ground. 
The integration period is then the time between the trail- 
ing edge of the Vab pulse and the trailing edge of the next 
0T pulse. 


iiai 


m 




Soturalion. 


CCPD 


Figure 7A. Dark scan of CCPO*1728 at 1 MHa tampia rata 
Circuit of Fig. 10, SO mV/Jiviaion. 


Figure 7B. Daricacanof CCPEM 728 at 100 KHa sample rate 
Circuit of Fig. 10, SO mV/cilviaion. 


Figures. Expanded oacilloacope photograph showing video 
output iraveform. Circuit of Fig. 10. 0.5 V par 
dhrWon. 


INTEGRATION TIME (msec) 




Figure 6. 


Output voltage as a function of integration time 
and light intensity (2870° K tungsten source 
maesurad using a detector with flat response 
and a 370 to 1040 nm bandwidth) 


we/CLENSTK (m) 


Figure 4. Relative spectral response 


2 volts per uioula/cm2 


PEAK TO PEAK NOISE 


EXPOSURE (pjoules/cm^) 

Figure 5. Typical trarrsfer characteristic. Insert shows circuit 
used for noiss maasuramant 

PERFORMANCE 

Typical performance characteristics are shown in Figs. 4 
through 9. Spectral response shown in Fig. 4 is typical of 
high quality silicon photodiodes and does not exhibit the 
interference effects and loss of blue response character- 
istic of CCD sensors. Transfer characteristics showing the 
noise level, saturation, and the reciprocity between light 
intensity and integration time are shown in Figs. 5 and 6. 
It is obvious that longer integration times may be used to 
detect lower light levels. However, this approach is ulti- 
mately limited by dark leakage current which is integrated 
along with the photocurrent. At room temperature, dark 
current will contribute less than 1% of a saturated signal 
for integration times up to about 30 msec (corresponding 
to approximately 60 KHz scan rate for a 1728 element 
array). Figures 7A and 78 show dark scans at 1 MHz and 
at 100 KHz. The fact that dark signal remains negligible 
even at the lower scan rate is characteristic of the low 
dark current capability inherent in the CCPO technology. 


Figure 8 is an oscilloscope photograph illustrating the full 
wave boxcar-type video output with a single cell illum- 
inated by a 1/2 mil diameter light spot. The output 
impedance of the CCPO is shown in Fig. 9. 








CIRCUITS 


A compifits schfimatic diagram of a suitable, evaluation 
circuit for the CCPD is shown in Fig. 10. This circuit 
raquiras -t-S and ±12 voit power supplies. All clock phases 
are generated by dividing the master clock which can be 
sat at any frequency up to 5 MHz. The transfer pulse 0-^ is 


generated by counting clock pulses, The count may be set 
by rocker switches to vary the integration time, as desired, 
up to 2046 clock periods. The output circuit has a gain of 
2 so that the saturation voltage Is approximately 2 volts 
and the paak-to-peak noise lavet is approximately 4 mv. 
This evaluation circuit {Model RC701) is avoiiabte from 
RETICON on a 4.6 x 5.6 inch printed circuit card. 


ELECTRICAL CHARACTERISTICS 


SYMSOL 

PARAMETER 


MIN 

TYP 

MAX 

UNITS 

NOTES 

'^RO 

Reset Drain Bias 


- 

12 

- 

Volts 


Vqo ** 

Output Drain Bias 


- 

12 


Volts 


Vqq 

Output Gata Bias 


- 

2 

2.5 

Volts 


VjG 

ir.Qui Gate Bias 


- 

2 

2.5 

Volts 

1 

'^AB 

Anti-Blooming Gate Bias 


- 

0 

- 

Volts 

• 

''sub 

Substrate BIk^ 


-B.2S 

-B 

-4.76 

Volts 

ORIGINAL PAGE IS 

®1 • ®2* ®3' 

CCD Tntntpi ir; Clucks 

High 

Low 

-0.3 

12 

0 

+0.5 

Volts 

Volts 

OF POOR QUALITY 


Transfer Clue. 

High 

Low 

3 

-6 

S 

-4 

7 

—3.B 

Volts 

Volts 


*RE*®RO 

Reset Clocks 

High 

Low 

-0.3 

12 

0 

+0.S 

Volts 

Volts 


*RG 

Receiving Gata Clock 

High 

Low 

-0.3 

12 

0 

+0.6 

Volts 

Volts 



Video Sample Rate 


- 

- 

5 

MHi 

2 


PERFORMANCE CHARACTERISTICS 




SYMBOL 

PARAMETER 


MIN 

TYP 

MAX 

UNITS 

NOTES 

UR 

Dynamic Range 


- 

SOO 

- 

- 

3 


Peak-to-Peak Noise Equivalent Exposure 

- 

1x10’® 

- 

2 

|iJ/cm 

4 

^SAT 

Saturation Exposutw 


- 

0.S 

- 

2 

pJrcm 

4 


Spectral Response Range Limits 

- 

0.2-1. 1 

- 

pm 


R 

Responslvlty 


- 

2 

- 

V parpJ/cm® 4, 6 


Photorasponia Non-Unlformlty 

- 

±7 

- 

% 

4.6 

''dark 

Averaga Dark Signal 


- 

10 

- 

rnV 

7 


Dark Signal Non-LIntformttv 


- 

10 


mV 

7 

''sat 

Saturation Output Voltoga 


- 

1 

- 

V 

5 

P 

Powar Dtisipatlon D.C. 


- 

70 

- 

mW 


’’o 

Output ImpadoncB 


- 

1500 

- 

Ohms 

8 

Npp 

Pvak-to-Paak Noise 


- 

2 

- 

mV 

9 


1. Tha odd and ivan input yata blaiat may ba adtustad dirfarantlalty to actilava an odd/avan balattca In tba video output. 

2. Tha vtdao iitmpla rata Is twlca tbu traquancy or tna CCD transport clocKs Hi. I>2> 93> 

3. Ovnanic ringa li rafarrad to paak-to-paik noise. It Is approK'mataly 5 tlmas liigtiar wtisn ratarred to rms noise. 

4. Ugnt source U a 2B70°K lungsten lamp, measurad using a da actor with fiat rasponte and a sro to 1040 nm bandwidth. 
9. 1.9 Konm load raiittort and « 12 vaiu. 

a. Maasurad with uniform iMu nlnatlon at approximately 90ti of saturation. 

7. At CO’C with 30 msec Intagratlon tima. Dark signal and darK signal non-unirormltv are proportional to Intagratlon 
tima, and approxlmataiy doubla for avery incraasa In tamparatura. 

5. Saa Fig. 9. 

9. Paak-tQ.paak nolia Is approxlmataiy 9 tlmai rms noiu?. 









TYPICAL CAPACITANCE DATA (10 Volts 




CCPD 

CCPD 

CCPD 


CAPACITANCE 

PIN NO. 

256 

1024 

1728 

UNITS 


12 

125 

50Q 

850 

PF 

(each side) 

8.15 

35 

133 

225 

pF 

02 (each side) 

5,18 

SO 

325 

550 

pF 

0^ (eech side) 

7.16 

35 

135 

225 

pF 

‘^RO*®RE 

4.19 

3 

3 

3 

pF 

®T 

13 

20 

80 

135 

pF 

Video Outputs 

2,21 

4.5 

4.5 

4.5 

pF 


ABSOLUTE MAXIMUM RATINGS (Abouo which useful life may be impaired) 

Storage Temperature — 25°Cto100°C 

Operating Temperature — 2S°C to 55®C 

Voltage on any pin with respect to substrate -0.3 V to 18 V 



Figure 9. Output impedance as a function of dc bias currant. 
With Von ■ 12 volts end R|_ ■ 1.5 Kohms, the 
bias current is approximately 2 mA 
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Figure 10. Model RC701 Evaluation Circuit, schematic 







^ OLITHIC VIDEO 
A/D CONVERTER 

ADVANCE INFORMATION 






and-hold circuit, input signals with frequency 
Mmponents up to 7 MHz (comparator 3dB 
bandwidth of 35 MHz). 

controls the 

operation of the unit, which consists of 255 
clocked comparators, combining logic and 
an output buffer register. Recovery from a 
njll scale step input occurs within 20 nsec 
Controls are provided for straight binary or 
offset 2s complement output coding, in true 
or inverted sense. 


NMINV 


NUNV 


CONVERT 


The TDC1007J 
3283170). with other 

FEATURES 


IS patented (No, 
patents pending. 


8 bit resolution 


30 Megasamples/second 
No sample-and-hold circuit required 
Oifferential phase 1° 

Differential gain 1% 

Binary or 2s complement output 
Monolithic, bipolar, TTL 
64-pin ceramic DIP 


LATCHI 


• 2.0 W power dissipation 

APPLICATIONS 


Video data conversion 
3Xor4X NTSC color 
3X or 4X PAL color 


OIFFERENTIAL 

COMPARATOR* 

( 388 ) 


Radar data conversion 


High speed multiplexed data acquisition 


TKVIf LSI PRODUCTS 

F.a BOX i i2B. Reoomo beach. California qozfb 

(213/ S3S^183t 
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alaetrical char a etar iiti ca 


Full fcila Input/rmi nolM 

TRWisi PRODUCTS 


TDC1007J MONOLITHIC VIDEO A/D CONVERTER 


abaoluta maximum ratings 


SPECIFICATIONS 


Supply voltaga, ''cc 0.0 to +7.0 V 

V£E 0.0 to -7.0 V 

Input voltaga, digital *0.5 to +5.5 V 

analog; signal -K).6 to -2.5 V 

rafaranca -K).S to -2.5 V 

Output voltaga -0.5 to +7,0 V 

Temparatura. oparating, ambiant 0 to +70*’C 

junction +175®C 

laad, soldaring (lOsaconds) +300*’C 

storaga -66to+150®C 

raoommandad oparating conditions 


Tast Conditions 


MOM. Iqh 


Paramatar 


V|H High leval input voltaga 
V|L iFval input voltaga 
Vqh High laval output voltaga 
Vql i-ow laval output voltaga 
l|H High leval input currant 
l|^ Low laval input current 
Ice Supply currant 
IEE Supply currant 
R|N Andog input impadanca 
C|N Analog input capacitance 
Igi Artalog input bias currant 
V|N Analog Input voltaga 
IpT Raferertca bias currant 
IrB Rafaranca bias currant 


switching charactBristics, Vcc"S.0.Vgg--8.0 V 


TOC 1007 I 

MOM I MAX I UNIT 


Vec “ MOM. 
Vqc ■ MAX. 
Vrr ■ MAX, 
Vgg - MAX 

vee ~ max 
vee ’ max 


■0.4 mA 
4.0 mA 
2.4 V 
0.4 V 


0.4 

75 

- 0.86 

25 

400 

oe 

300 

0.5 

- 2.0 

30 

-30 


Paramatar 


'daisy* 

Tq, digital output delay 
rpy^. convert pulse width 
Maximum convert frequency 


Tast Conditions 


TOC 1007 

UNIT 

MIN 

NOM 

MAX 


typical tra n sf er characteristics over operating temperature range 


Paramatar 

Test Conditions 

DC linearity arron 


AC linearity (Maximum 

DC to:. 6 MHz* 

spurious signal strangth 

3.6 MHz to 6 MHz* 

below full scale) 


Noise power ratio 

DC to 5 MHz white noisa 

Transient recovery time 

bandwidth, 500 kHz slot 
frequency 

Full scale stap input 


±0.5 

55 

SO 


nsec 


Paramatar 

MIN 

NOM 

MAX 

UNIT 

Supply Voltage, Vq^ 

44.5 

+6.0 

45.5 

V 

Vec 

-0.7S 


-5.25 

V 

cc 

Ref«r«nct Input, Vpy 

-1.1 

0 

40.1 

V 

''rb 

-0.9 

-2.0 

-2.1 

V 

Oparating Ambiant Temparatura Range 

0 

+26 

+70 

°C 
















































ANNOUNCING 


ORIGINAL 
OF POOR 


TDCI007J 

A MONOLITHIC VIDEO A/D CONVERTER 


AVAILABLE FOR DELIVERY IN APRIL 1978 


PRICING 

1-9 10-49 50-99 100-499 

$745 $642 $558 $485 


QUANTITY 

PRICE 


ALSO AVAILABLE 


TDCI007PCB 

FOR VIDEO A/D CONVERTER EVALUATION 


A fully-tested printed circuit board containing the TDC1007J, a voltage reference, and a buffer amplifier to 
match the converter to 50, 75, 93, or 1 KQ. Input ranges of 1 , 2, 5, and 1 0 V, positive or offset, are accommodated. 
Provisions are made for level shifting and gain adjustment. Power supplies of +15 V and +5 V are required. The price 
is $845, inciuding the T17C1007J. 


+18 V 
+6 V 
DGNO 
AGNO 
-IS V 

CONVERT 


VOLTAGE 

REGULATORS 


TDC1007J 


INPUT 

BUFFER 


OFFSET 

ADJUST 


GAIN 

ADJUST 


TDC1007PCB 


iMWWLSi PRODUCTS 

P.O. BOX 11 2B, REDONDO BEACH, CALIFORNIA 90278 
(213) 535-1831 








TDC1 007J MONOLITHIC VIDEO A/D CONVERTER 
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PACKAGE INFORMATION 


64 NC 
63 NC 
62 NC 
61 NC 

80 NC 
89 NC 
68 NC 
87 NC 
86 NC 

65 NC 
84 NC 
53 NC 
52 NC 

81 NC 
80Vee 
49VEE 
48VEE 
47VEE 
46 NC 
45 NC 
44NC 
I 43VCC 
I 42DONO 
I 41 NMINV»» 

I 4001 (MSB) 

I 39 02 
I 3803 
137 04 

I 36NUNV** 

I 3506 
I 3406 
! 3307 

TOP VIEW 

*RECOMMENDEO CONNECTION TO ANALOO GROUND FOR INTERELBCTRODE SHIELDING 
♦•code INVERSION INPUTS TIE TO +5 V FOR NORMAL OPERATION 


NC a 
NC 3 
NC 4 
NC 8 
NC 6 
NC 7 
NC 8 
NC 9 
*NC10 

Vrtii 
»NCia 
V1N13 
AGND14 
V|N 15 
V|N18 

Vrm -.7 

V|N18 

AONO 19 
V|N20 
•NC21 
VrB22 
*NC23 
NC24 
NC25 
NC26 
NC27 

VCC28 

DGN029 

CONVERT30 

31 


0.062 -t^aois 


NOTES: 

• DIMENSIONS IN INCHES 

• ALL POWER AND GND PINS 
MUST BE CONNECTED. 

• OGNO IS '««V GROUND AND 

SKATING REFERENCES TTL I/O 
SEATING 


3.230/ 

3.170 


HEAT 

SINK 


a243/0.1925 


PLANE (REF) 


aiOOl^ TYP 

*aoio 


CONVERT 


SAMPLE 
N + 1 


SAMPLE 
N •F2 


SAMPLE 


DATA 
N + 1 


DATA 


DATA 

N-1 


DIGITAL 

OUTPUT 


TRW RESERVES THE RIGHT TO CHANGE PRODUCTS AND SPECIFICATIONS WITHOUT NOTICE. THIS 
INFORMATION DOES NOT CONVEY ANY LICENSE UNDER PATENT RIGHTS OF TRW INC. OR OTHERS. 
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NORTH AMERICAN SALES OFFICES 


ALABAMA, Huntsville 

ARIZONA, Phoenix 

CALIFORNIA, Los Angeles 
Menlo Park 
Tustin 

COLORADO, Westminster 

CONNECTICUT. Orange 
. Rowayton 

FLORIDA, Ft. Lauderdale 
Orlando 

ILLINOIS, Elk Grove Village 

INDIANA, Fort Wayne 
Indianapolis 
Kokomo 

IOWA, Cedar Rapids 

KANSAS, Prairie Village 
Wichita 

KENTUCKY, Louisville 

MARYLAND, Baltimore 

MASSACHUSETTS, Waitnam 

MICHIGAN, Grand Rapids 
Southfield 
St. Joseph 

MINNESOTA, Minneapolis 

MISSOURI, St. Louis 


(205) 772-9656 
(602) 971-6250 

(213) 478-0133 
(415) 321-9050 
(714) 832-4952 
(303) 426-0890 
(203) 795-3515 
(203) 853-4466 

(305) 721-1700 
(305) 857-3650 

(312) 593-0200 
(219) 432-5591 
(317) 359-9283 
(317) 453-3592 
(319) 393-8703 

(913) 236-4646 
(316) 686-6685 
(502) 897-1569 

(301) 42i: 1241 
(6171 890-3232 
(616) 942-5420 

(313) 559-5454 
(616) 983-7337 
(612) 835-5454 

(314) 432-2830 


NEBRASKA, Lincoln (402) 474-5151 

NEW MEXICO, Albuquerque (505) 265-7759 
NEW YORK, Rochester (716) 461-3070 
NORTH CAROUNA, Charlotte (704) 527-1344 


OHIO, Cincinnati 
Columbus 
Dayton 

Middleburg Heights 
OREGON, Beaverton 


(513) 521-2290 
(614) 888-9396 
(513) 298-9546 
(216) 826-4424 
(503) 643-1644 


PENNSYLVANIA, Bala Cynwyd (215) 667-3400 
Pittsburg (412) 344-7277 


TENNESSEE, Greeneville 
TEXAS, Austin 
Dallas 
Houston 

UTAH, Salt Lake City 

VIRGINIA, Richmond 

WASHINGTON, Bellevue 
WISCONSIN, Wauwatosa 

CANADA: 

MANITOBA, Winnipeg 


(615) 639-6154 
(512) 451-2959 
(214) 387-3030 
(713) 772-5541 

(801) 943-5650 

(804) 288-8334 

(206) 454-0300 
(414) 475-7755 


(204) 775-3354 


ONTARIO, Toronto 


(416) 494-5445 


QUEBEC, Montreal (514) 341-6420 


INTERNATIONAL SALES OFFICES 


ARGENTINA, Buenos Aires 

404122 

ISRAEL, Tel Aviv 

444572 

AUSTRAUA, Kingsgrove N.S.W. 
AUSTRIA (See Germany) 

500111 

ITALY, Mcnza 

360021 



JAPAN, Tokyo 

4615121 

BELGIUM, Brussels 

6600012 



BRAZIL, Sao Paulo 

2409211 

NETHERLANDS. Amsterdam 

934824 



NEW ZEALAND, Wellington 

51179 

DENMARK, Herier 

842000 

NORWAY, Oslo 

157550 

RNLAND, Helsinki 

640641 

SOUTH AFRICA, Capetown 

457656 

FRANCE, Paris 

7581111 

Johannesburg 

6181027 


SPAIN, Madrid 

2425204 

GERMANY, Munich 

C03007 

SWEDEN, Stockholm 
SWITZERLAND, Zurich 

TAIWAN, Taipei 

248340 

429900 

HONG KONG 

'i91521 

7512062 



UNITED KINGDOM, London 

9025941 


TRWlsi PRODUCTS 

Aa aox If 28, neooNoo bbach, California 9027 a 

(2m 828-1831 










Jim Caporizo, Sales Engineer 


3S Wmi Lane. Stamford. Connecticut OeSOS 
Phone (203) 34a-?049. gymMW W I P IS 




Performanca You'va Bean Waiting For. Now you can 

have your choice of speeds, from 1 .905 to 3. 1 75 m/s 
(75 to 125 ips), to meet the application requirements of 
higher performance, minicomputer-oriented data process- 
ing systems. The T1 000 Series is the perfect extension of 
Pertec's T9000 Series Vacuum Column Tape Transports 
\Afhich offer speeds from 0.952 to 1 .905 m/s (37.5 to M 
75 ips). 

The T1 640 transports write and read 63 cpmm (1 600 cpi) 
in PE format, and 32 cpmm (800 cpi) in NRZI format. The 
T1940 transports wr'te and read 246 cpmm (6250 ct)i) in 
OCR format, and 63 cpmm (1600 cpi) in PE format. You 
save the cost of separate transports for each format and 
have the media compatibility needed in today's market. 


THE PERTECT 1000 


The PERTEC T1000 Seriea Tape Transports are truly 
the world’s first advanced design vacuum column 
transports. Specifically designed to meet today’s and 
tomorrow’s data processing ^stem requirements, 
there’s a T1000 to suit your OEM needs. 

• Standard Speeds from 1.905 to 3.175 m/s 
(75 to 125 Ips) 

• Dual PE/NRZI Format 

• Dual QCR/PE Format 

• Automatic Tape TIureadIng 

• Vacuum Capstan 

• Air Bearings at All Turnaround Points 

• Additional Buffer Pocket 

• Optical Capstan Tachometer 

• Automatic Load Point Seek 

• Front Access to Electronics 

• 0.3- or 0.5-inch IRQ Capability 

• Optional Seif-test Features 

• Optional internal PE/NRZI Formatter 


Smooth, Reliabie Tape Handling. The exclusively 
designed Pertec vacuum capstan prevents tape slippage 
even with the short starts and stops required for 7.62 mm 
(0.3 inch) IRGs. There is no tape creep across the head in 
either on- or off-line modes. The vacuum capstan also 
smooths out acceleration and deceleration to provide 
maximum reliability and positive tape handling. 

When unloading the tape, the vacuum is automatically 
turned off and the tape is slowly and quietly wound onto 
the supply (eel, eliminating high-speed unload tape 
damage. 



I 

I 


All vacuum column turnaround points use air bearings; 
ceramic guides are used at all critical tape edge points. 
During rewind, the tape path dynamics prevent tape from 
being in contact with the head. Thus, tape wear and 
system friction are minimized — assuring you better 


system performance. 

■ By using the vacuum to draw particles from the tape and 
. I V^rom the surface of the tape cleaner, you're assured 
effective tape cleaning and superb data reliability. 


The Pertec exclusive additional buffer pocket provides 
additional tape storage for fast starts and stops. It also aids 
in providing the 7.62 mm (0.3 Inch) inter-record gaps 
required for GCR. In addition, the buffer assures extremely 


low transient start/stop profiles. 

The T1 000 is the only transport in its class to use an 
optical tachometer in the capstan senro. This feature is 
generally found in servo designs of the more expensive 


plug-compatible type transports. The optical tachometer 
provides more pcsltive spe^ control and precise controller 
reference when generating the short OCR gaps. 


B 

0 

I 

0 

I 

0 

D 

0 

D 

I 

I 

I 
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Pertec Reliabiilty. The MTBF of the T1 000 is greater 
than 2500 hours by design. No mechanical relays — no 
incandescent lamps. The use of solid state LED displays 
removes high-failure components from the system thus 
lowering maintenance costs. 

Longer head life with far less downtime is obtained 
from Pertec's hard-coated, read after write head. 

Reduced tape path and media wear is achieved by use 
of air bearings and ceramic guides. 

Linear vacuum transducers operate on a vacuum 
differential providing linear operation of reel servos. This 
results in a more positive servo response and reduced 
power consut ration. 
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Customer Convenience. The T1 000 automatically 
loads both Easy Load #1 and #2* cartridges. It also 
automatically threads 267 mm (lOVi inch) open reels. 

Thus, your customer doesn't have to wait for the next re- 
load or waste time threading tape. Reel sizes of 21 6 mm 
( 8 V 2 inches) and 1 78 mm (7 inches) are automatically 
threaded after tape has been manually placed in the loading 
slot. After the loading sequence is complete, tape will 
automatically seek load point. 

A front panel 4-pcsition select switch provides ease of 
address change. 

Built-in daisy chain capability allows the T1 000 to 
function in a multiple unit configuration. 

Minimal dynamic skew is achieved by configuring head 
and tape guide geometry consistent with IBM and ANSI 
requirements. The head plate is adjustable for azimuth 
correction of skew. 

Quality Assurance You Can Count On. On every 
product, Pertec pre-tests each circuit board and all critical 
components at the subassembly level. Prior to shipping, 
each T1000 Tape Transport is burned in for 40 hours 
minimum to force infant component failures to occur before 
shipment. Following quality control checkout, every T1 000 
must pass the fully computerized acceptance test criteria 
of our Quality Assurance Department. Only after vertifica- 
tion that all parameters of the performance specifications 
have been met is the TIOOO approved for shipment to you. 
This care and attention assures you of a unit that will 
perform day after day. year after year. 


Easy Serviceability. Modular electronics makes 
troubleshooting simple and reduces downtime and MTTR. 
All electronics and assemblies are accessible from the 
front to facilitate easy servicing. With Pertec's exclusive 
test plug on each module, fault isolation and repair of 
circuits has been greatly simplified. 

Optional self-test maintenance controls can be built in 
to aid in adjustment of read pre-amp gams, skew window 
monitor, capstan and reel servo adjustments, and verifying 
that read and write circuits are functioning. This extremely 
sophisticated option makes adjustments easy and lowers 
your costs as well as your customers' cost of ownership. 

For comorehensive unit troubleshooting, Pertec offers 
an external plug-in tester. This compact unit operates from 
the transport power. It has built-in capability to verify 
proper transport operation while in the off-line mode. 

The maintenance manual shipped with each unit 
contains comprehensive operating descriptions, schematic 
drawings, and test and adjustment procedures to make 
repairs easy and economical. 


Formatted Series. If you prefer, have Pen.ec supply an 
internal data formatter which contains the necessary data 
timing and control functions normally provided in an 
external tape control unit. Through the simplified data 
formatter interface, the use' can transfer data to and from 
PE/NRZl transports without having to concern himself with 
any of the tape related housekeeping or data recovery 
logic. Since the interface is the same for the PE/ NAZI 
formatter, only one control unit need be designed. Your 
local Pertec sales engineer can also provide you with the 
necessary formatter data. 


' Etty Loid #1 ind #2 C«rtrldgti ara nagittarad Tradamarka ot IBM. 
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a diviaion of PerlK Computer Corporation 


9600 Irondaie Avenue, Chatsworth, California 91 311 
Phone (21 3) 999-2020 / TWX 91 0-494-2093 


WESTERN RE610N SALES: 

En'.Jno, California 9l3t6. 1 7B3S Ventura Soulavard, Suite 1 1 1 * (21 3f 99S-1333 • TWX:9t CM93-2075 

San Mateo. California 94402. 1 670 AmphleR Boulevard,. Suite 310 • (4i S) 349-9184 • TELEX 349389 DYNALOCSMT 

CENTRAL REGION SALES: 

Ann Arbor, Micblgan 48104, 3001 South Slate Street, SulleE03«(313)668-7SS0* TWXtSI 0-223-2405 
Rosemonl. Illinois 6001S. 6300 North River Road. Suite 102« (312) 696-2460 *TWX;9i 0-253-5918 
□alias, Texas 75240, 13500 Midway, Suite 403 • (214) 337-2817 • TWX:91 0-860-5236 
EASTERN REGION SALES: 

Hudson. New Hampsht<a030Si, 1001 Executive Drive* (603) 883-2100 •TWX;710-228-76S1 

Stamford. Connecticut 06905. 35 Weal Une * (203) 348-3949 • TWX;710-474-3277 

Malvern, Pennsylvania 19355, PO. Box 2294 (2i5)844wtgio* TWX:5i0-668-S034 

Maitland, Florida 32751 , 235 South Maitland Avanue, Suita 107 • (305) 647-6150 • TWX;ai 0-853-5035 

EUROPEAN SALES: 

United Kingdom, 10 Porlman Road, Reading, Berkshire RG3-1 DU • UK-Readfig (734) 582115 • teleX: UK-S47ioi 


Policy Note: Pertec reserves tha right to change specifications at any linris. It Is Pertec policy to Improve products as 
new techniques end components become available. 


76813 (Revised 5-77) 


,9 1977 Pertec Computer Corporation — Primed in U.S.A. 
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Model Selection Chart and Data Transfer Rate 


DATA FORMAT 

DATA DENSITY 

DATA TRANSFER RATE (KHZ) 

MODEL NO. 

1 .905 m/s 
(75 ips) 

2.540 m/s 
(100 ips) 

2.857 m/s 
(112.5 ips) 

3.175 m/s 
(1 25 ips) 

PE/NRZI 

63/32 cpmm 
(1 600/800 cpi) 

120/60 

160/80 

180/90 

200/100 

T1 640-98 

PE/NRZl 

63/32 cpmm 
(1600/800 cpi) 

120/60 

160/80 

180/90 

200/100 

FT1 640-98* 

GCR/PE 

246/63 cpmm 
(6250/1600 cpi) 

468/120 

625/160 

703/180 

781 /200 

T1 940-96 

•Includes Internal Formatter. 







■ Optional Features for Added FlexibMliy. 

" Self-test Maintenance Controls. For on-site verification 
of read and write circuits and adlustrnerits. 

I Running Time Meter. Registers blower-on time for 
maintenance purposes. 

Wo/fage Change. For the different International voitage 
requirements. 

Customer Logo. We're proud of our name, but we'li insert 
your logo to enhance recognition of your company. 

9 Industry Standard Interface. The T1 000 Tape 
" Transports use the same Pertec 3-connector interface 
which has been adopted as an industry standard, it is 

I plug-to-plug compatible with Pertec Tgooo Vacuum 
Column Tape Transports as well as our other transports. 
Also, the transport may be interfaced via 34-pin ribbon 
cable connectors for long cable lengths and buiit-in daisy 
■ chain capability. 

I 

I 

I 

I 

I 

I 
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Increase Your Sales and Profits by Suilding the Pertec 
T1000 Series Tape Transports Into Your Next System. 

If your systems move tape, look to the company that moves 
more tape transports than any other independent manu- 
facturer in the world. If you’re planning to penetrate the 
mini data processing market, you’ll find that one of our 
basic configurations with available options offers you the 
best buy. In addition, our world-wide sales/service 
organization is ready to offer you added support when you 
need It. 

Match the features, specifications, and benefits of the 
T1 000 Vacuum Column Tape Transport with your system 
requirements. Call the Pertec sales engineer in your 
area — he’s qualified to assist you in your seleciion of ^ 
peripherals.. Or, write PCC Pertec, 9600 Irondale Ave., ^ 
Chatswortfi, California 91 311 . For immediate assistance 
call (213)999-2020. 
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S«Fi«s Vacuum G 


Reei3izc 


Numbar of Tracks 


Recording Mods 


Data Density 


Tape Speed 

Inslantaneous Speed Variation 
Long Term Speed Variation 
Start/Stop Time 

Start/ Stop Displacement 
Rewind Time 


Tape Descrlptien 
Width 
Thickness 
Type 


Environment 
Operating Temperature 
Relative Humidity 
Altitude 

Mechanical Description 

Mounting 

Weight 

Height 

Width 

Depth {Behind Panel) 


178, 216, and 267 mm (7, SV& , and 1 0Vk inch) Open Reels, oi 
Easy Load#1 and#2* Cartridges 


9-track, IBM Compatible 


GCR/PEor PE/NRZl 

246/63 cpmm (6260/1600 cpi) or 63/32 cpmm (1 600/800 cpi) 


1.905, 2.540, 2.857, and3.175 m/s (75, 100, 112.5, and 125 tps) 

±3% Forward and Reverse 

±1®/o Forward, ±2% Reverse 

1 .5 ±0.1 msec in OCR mode at 125 ips or 

3.0 ±0.35 msec in PE/NRZl mode at 125 ips 

4.83 ±0.51 mm (0.19 ±0.02 inch) 

80 seconds maximum; 65 seconds nominal 


12.7 mm (0.5 inch) 

38.1 micrometers (1 .5 mil) 

Computer Grade. ANSI Spec X3.40-1 973 


5®tO44‘’C(40®to112®F) 

30 to80®/o (non-condensing) 
0 to 21 34 m (0 to 7,000 feet) 


Standard EIA Rack Mount 
1 1 3 kg (250 pounds) 

622 mm (24 ’/a inches) 

483 mm (19 inches) 

584 mm (23 inches); 635 mm (25 inches) for GCR 


Electrical Description 


Electronics 

All Solid State 

Interface 

DTL-, TTL-Compatlble Logic (Low True) 

Power 

1 90/250V ac, 48 to 52 Hz or 58 to 62 Hz, 1 0A Continuous 

'Easy Loan f 1 and t2 Canridges are Registared Trademarks ot I BM. 












AMPEX 
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AR-1700 

2-MHz/600-kHz 

airborne/mobile 

instrumentation 

recorder 
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fei^ g^ e «tre"'^Y rugged multi-^k intermediate dr widebmid ^ 4 : 

1?* versatility —new flexibility - 

recorder of time-proven' \ * Coaxial reel design saves space allows 

. etote-of-the-art use of large- capacity 14-inch reels 

? “"■ ; • for long recording time. 100% more 

performance. # - > than 10%-inch reels. 


' *. : 1,V '.' . ■ • . 

.air? .«, .■'--4; - . - 

■ . •■ .>-''4 ■■ '^4- ' ,-... ' , ,'■ 


Major advancement In modular construc- 
tion allows- simplifiad maintenance-— 
the AR-1700 can be disassembled and 
reassembled in less than an hour. 

Designed to meet MIL standards 
for airborne, shipboard or mobile 
applications 

IRIG Wideband n and Intermediate 
Band signal electronics. 


► Closed loop drive for exceptional time 
base accuracy, low flutter, and jitter. 

► St andard version for Vi- or 1-inch 
tape (7 or 14 IRIG tracks), intermediate 
band or wideband {28 tracks also 
availabie on special order). 

• Integral record electronics, reproduce 
heads and preamps. Separate ntodular 
reproduce electronics package availabie 
for adding full reproduce capability. 








For higK bit rate data recording 
applications ^ ■■ 
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Ampex HBR-3000 System - 
high bit rate (HBR) data recording 
for airborne or base applications 



The recording of digital or digitized 
analog signals at high bit rates, witn re- 
cording times of 20 minutes or more, is 
an established requirement for many 
commercial and defense applications. 
The Ampex High Bit Rate (HBR-3000) 
system has been developed to satisfy 
this requirement. Digitized signals are 
recorded in a space division multi- 
plexed format on a conventional longitu- 
dinal recorder. During reproduce mode, 
the data is reassembled to its original 
format either in real time or at speeds 
compatible with data reduction devices. 
Conventional airborne or laboratory 
tape transports may be used along with 
proven digital electronics to provide the 
optimum systems approach to high bit 
rate recording. 

Standard systems are available to ac- 
cept either serial or parallel data 
streams at rates up to 96 Megabits/ 
second. Higher rates are available on a 
custom basis. Incoming data is fanned 
out to the appropriate number of re- 
corded tracks to maximize tape utiliza- 
tion. A single master channel for each 
group of 12 recorded tracks is used in 
conjunction with system generated sync 
information to minimize overhead re- 
quirements. Miller*(M*) coding is avail- 
able to assure minimum error rate. Con- 
stant packing density on tape, an ex- 
tremely valuable feature to minimize ad- 
justments and to facilitate tape inter- 
change, is achieved by controlling tape 
speed from the data clock. This frees 
the system from speed limitations im- 
posed by VCO (voltage controlled oscil- 
lator) type systems, in the HBR-3000 
system, response to data rate changes 
is limited only by the slew rate of the 
tape transport. 

During reproduce, tape speed is also 
controlled by the data clock. Tape in- 
formation is decoded and then de- 
skewed to eliminate any transport/head 
generated time base errors. The multi- 
plexed channels are then reformatted to 
the original input configuration. The 
Ampex HBR-3000 system has been de- 
signed to offer the utmost flexibility to 
meet the requirements of bit rate, record 
time and reliability. 

Data format 

The system provides for serial or paral- 
lel data streams alone or in combina- 
tion. On a 14 track IRIG compatible 
record/reproduce system, a serial data 
stream is fanned out to a maximum of 12 
data tracks with one track reserved as a 
master channel for deskew overhead. 


One additional track is available for 
voice or time code recording. If desired, 
the number of tracks utilized for HBR 
recording may be reduced, making ad- 
ditional tracks available for analog data 
recording as required. 

If two or more serial data channels are 
required in the application, 28 track 
head configurations are available pro- 
viding for 24 tracks of data. 2 master 
channels and 2 ancillary data channels. 
As in the 14 track configuration, HBR 
tracks may be replaced by analog data 
tracks as desired. 


For parallel data applications, the 
HBR-3000 again offers optimum flexibil- 
ity. Depending upon data reliability re- 
quirements. each track of the HBR-3000 
system can accommodate up to 4 
Megabits per second per channel.* As 
with the serial input system, up to 24 
tracks are available on tape for data re- 
cording and a total data rate of 96 
Megabits/second can be recorded at a 
packing density of 33.3 Kbits/inch* and 
a tape speed of 120 inches/second. 


'User data bits as opposed to systems requiring 
overhead in data. 
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AR-1700 


Extremely rugged multi-track intermediate or wideband 
recorder/ reproducer with new versatility — new flexibility 


New concept in maintainability 


The AR-1700 has been designed to place emphasis on configuration flexi- 
bility and maintainability through the use of total modular construction. 
All modular subassemblies are attached by quick release connectors. The 
AR-1700 can be disassembled and completely reassembled in less than one 
hour by a qualified field technician. Modular construction as designed in 
the AR-1700 greatly adds to the maintainability and reliability of the system 
and decreases "down time" if maintenance is required. 


AMPEX 


Ampex Corporation 
Data Products Division 
401 Broadway 

Redwood City. California 94063 
(415) 367-2011 
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imt AR-1700 el«ctronic« tak» advantag* of tha 
lataat aolld>atato technology to insure maximum reila> 
bHIty over a wide range of temperature and operational 
extremes. Highly reliable microcircuits are used when* 
ever possible. All electronics boarda are small, light* 
weight; require low power, and are easily removed for 

2 MHa for I mp roved predMeetion capabttity. 

/ differen* t’gna! electronics are available; Inter- 

V'l'mediate Band electronics and Wideband U electronics. 
, : V Intermediate Band electronics (600 kHz at 120 Ipe) use 
‘ ' » single operational amplifier design allowing greater 
density In packaging so that up to 2& IB tracks can 
' be installed within the transport enclosure. Wideband 
electronics Increase frequency response to 2 MHz at 
120 ipe The 2*MHz recording capability is essential to 
preserve sidebands In predetection recording and for 
many pulse recordling applications. 

Standard AR-170Ts can be supplied with reproduce 
heads and preamps for signal monitoring and reproduce 
eiectronica Interface. Record electronics for slx*speed 
^ operation are included In each module. All six speeds 
are electrically switchable from the front panel transport 
speed selector or from an optional remote control unit. 

IRIQ compatible heads 

. The heads are IRIQ compatible with either 7- or 14-track 
configurations for W- or 1*lnch tape. Intermediate band 
28*track heads (1-ineh tape) are also available. 


original 

or POOR , 


Access to Aff»1 TOO electrenies cant recks iafrom rear of trme^ 
port Uirto- Zbtrseka ot IRIQ tnle rm ed l sie Bend Direct Record 
Electronles may be mounted' In the AR>1 TOO; , 


AR-1700 CAPSTAN SERVO BLOCK DIAGRAM 
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CAPSTAN - 


HIGHLY ACCURATE TAPE SPEEDS 
WITH ADVANCED CAPSTAN SERVO 

The capstan servo is a phase comparator, sample-and- 
hotd system that maintains a constant capstan rotational 
velocity and thus a constant tape speed. The servo 
maintains constant capstan speed by comparing the 
output of a tachometer encoder disc mounted on the 
capstan shaft, with an output derived from a crystal 
controlled oscillator. By comparing the frequency and 
phase of the integral reference with the frequency and 
phase of the tachometer signal, an error signal is gen- 
erated and used to control the current to the capstan 
motor and therefore, tape speed and position. 









May 15, 1978 


AMPBX 


Mr. David Zink 
BarnQs Engineering Corp. 

30 Commerce Road 
Stamford, CT 069Q4 

Dear Dave: 

We are enclosing some preliminary information on the Air- 
borne High Density Digital Recording System for your 
scanner. The .Ampex AR-1700 is the recorder we discussed 
but will be integrated with the Miller Digital R..;corder 
Electronics to handle a 3.25 Mb/s per system stream. 

We have a Monitor Box which is roughly half the size of 
the AR-1700 package to select the individual channels re- 
corded. In other words, we can provide the recording system 
in (3) packages consisting of: 

The basic recorder 

The Digital Electronics, and 

The Monitor Box. 

Ail you have to provide is the sync clock and the data to 
be recorded. 

If you have any further questions, please do not hesitate 
to give us a call or Mr. Jim Kelly at 301-530-8800, 

Yours very truly, 


FSKirlc 

End. 

cc; J. Kelly 
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Constant packing density 
For maximum recording efficiency with 
minimum adjustment and reliable tape 
interchange, the HBR-3000 system de- 
sign provides for a constant packing 
density on tape regardless of input data 
rate variations. 

The Ampex HBR-3000 employs the use 
of the input data clock to generate a 
tape speed reference. If the input rate 
varies, the tape speed Is varied to in- 
sure a constant packing density on 
tape. This not only provides for the 
maximum recording time for the pack- 
ing density selected, but once set up. to 
reproduce a particular data rate. Other 
data rates may be recorded and repro- 
duced at that data rate with no addi- 
tional set-up/adjustment required. 

Low bit error rates (BER) 

The bit error rate (BER) in any high den- 
sity digital system is a function of many 
variables that must be of concern to the 
system designer. These include the type 
of tape used, track width and response 
of the head assembly, bit packing den- 
sity. type of coding used, transport skew 
characteristics and the nature of the 
data being recorded. 

The BER requirements of any given 
application may vary according to the 
application and the user should be able 
to select those parameters critical to 
his application. The Ampex HBR-3000 
system provides the widest range of se- 
lectivity of key elements effecting BER. 

No data pattern sensitivity 
In digitizing slowly changing sensor 
data, or pictorial data from TV, radar or 
satellites, repetitive patterns rich in low 
frequency components are generated. 
Unless compensated for, these data 
patterns produce high bit error rates 
and loss of essential data when re- 
corded and reproduced on magnetic 
tape, 

Ampex has developed the M® coding 
technique to completely eliminate the 
DC pattern sensitivity usually asso- 


ciated with recording NRZ derived 
codes. Coded data is faithfully record- 
ed on tape regardless of data pattern; 
during reproduce, data is decoded 
and returned to the user in its error 
free form. No sophisticated DC restor- 
ation circuitry is required. Only the 
Ampex HBR-3000 offers this feature. 

Time base expansion 
If the data reduction facility is not able 
to cope with the extremely high data 
rates at acquisition, then time base ex- 
pansion is an essential requirement of a 
high bit rate system. The Ampex HBR- 
3000 system takes advantage of the 
constant packing density on tape and 
makes use of an externally generated 
data clock to control tape speed in the 
reproduce mode. Thus, the HBR-3000 
system is able to supply electrically 
switchable output rates, matched to the 
exact user requirements, without system 
adjustment. 

Ancillary data channels 
In addition to the digital data stream, 
t me code reference and other ancillary 
oata may be required. The Ampex 
HBR-3000 system offers flexibility in 
terms of track aJiocation and the use of 
conventional analog record/reproduce 
electronics. 

Machine/machine compatibility 
Whether the application involves air- 
borne data acquisition for ground re- 
production, or strictly a lab environment 
operation, machine to machine com- 
patibility is an essential requirement of a 
high density record/reproduce system. 
The Ampex HBR-3000 system insures 
this compatibility in two ways. Track 
registration is a function of closeiy 
maintained head tolerances and tape 
transport dynamics — both products of 
Ampex experience for over 25 years. 
The second essential ingredient to ma- 
chine compatibility is constant density 
recording on tape. All alignments, 
equalization and variables associated 
with changes in data rates are located 
in the reproduce side of the system, 
thus insuring faithful reproduction 
regardless of recording conditions. 


Application flexibility 
Whether the need is to record a high bit 
rate serial data stream from a satellite, a 
digitized video signal frcm an optical 
scanner, or simply to improve signal to 
noise ratios by increasing data word 
lengths, the Ampex HBR-3000 offers the 
flexibility to cope with changing re- 
quirements as they develop. Consider 
the foliowing: 

" The ability to accept either a serial or 
paralle! data stream by merely press- 
ing a button. 

• The assurance of constant packing 
density on tape as input data rates 
vary or change. 

• The simplicity of changing packing 
density by switch selection should a 
change in record time or margin be 
desired. 

• The availability of a digital bit 
synchronizer/decoder which permits 
the reproduction of data in real time or 
at some non-binariiy related data rate. 

• The ease of system expansion or 
modification by adding the required 
electronics cards. 

• The confidence of machine-machine 
compatibility. 

FLEXIBILITY — that only comes from 
yeare of experience in instrumentation 
magnetic tape recording. 

Human engineering 
The HBR-3000 system has been de- 
signed for operation on a day to day 
basis by personnel who have limited 
experience with this type of equipment. 
During critical stages of a mission, little 
time is available for tape recorder “fid- 
dling." The HBR-3000 system design 
has taken these factors into account. 
Wherever possible, alignment and 
adjustment have been eliminated. A 
simplified on line diagnostic/mode 
select pane! is provided for verifying 
key operating parameters. Easily read- 
able indicator tights give an instanta- 
neous readout of system performance 
at any time. The HBR-3000 system has 
bean designed by experienced 
engineers for use by inexperienced 
engineers! 



Ampex high performance 
transports — PLUS — Amp 
electronics 


FR-3000 — advanced design 
laboratory recorder 
High performance, the utmost in data 
reliability and long term trouble-free 
operation — these are advaiitages which 
for years have been taken for granted 
by users of this top of the line Ampex 
Instrumentation recorder. HBR-3000 
High Bit Rate systems for ground in- 
stallation use this well proven tape 
transport to achieve the high packing 
density/low error rate performance re- 
quired in today's digital instrumentation 
applications. 

The FR-3000 transport affords cross- 
play compatibility with all other Ampex 
portable or stationary instrumentation 
recording systems, including airborne 
equipment and IRIG compatible re- 
corders. 

Digital interface 

The Digital Process Bay in the HBR- 
3000 systems provides the interface be- 
tween the multiple serial or parallel NRZ 
data streams and the record/reproduce 
electronics. In the input mode, data is 
fanned out to the appropriate number of 
data tracks, prior to encoding and sync 
insertion, to insure rr aximum recording 
efficiency on tape. During reproduce, 
deskewed data is reformatted to its orig- 
inal NRZ format, time base corrected to 
the user clock, thus providing a trua 
user transparent system. 


AR-700/1700 — rugged, proven 
airborne recorders 
For airborne high bit rate digital data 
acquisition applications, HBR-3000 
electronics can be used in conjunctic 
with AR-700/1700 tape transports de 
signed for hostile environments. The 
digital electronics are contained in a 
separate shock mounted unit which r 
be located where desired. 

These advanced transports of provei 
design and performance offer reduc 
size and weight, lower power consun 
tion and increased versatility and reli 
bility. Recording time of 15 minutes o 
more is available at full bandwidth; 
longer times are proportional to 
reduced tape speed/bandwidth 
requirements. 


Airbom digital interface 
This shock mounted assembly prov 
the digital interface between the air 
borne recorder and the digital data 
stream. The unit accepts the serial i 
parallel NRZ data plus clock, adds 
information, creates the necessary i 
ter channel and encodes the data p 
to recording. 

The airborne HBR-3000 systems alt 
include a reproduce monitor amplifi 


selection of any track tor monitor/ 
verification purposes. This monitor 
capability greatly facilitates set-up and 
maintenance of the airborne system. 
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H8R-3000 system 6toc* diagram 


for each tracK on tape, including me 
master cnannei Tne Unit will decode 
eitner Miller or M* and provides NR2-L 
data plus dock to me deskew elec- 
tronics. 

Deskew electronics 
The deskew electronics, rnounted m tne 
Digital Process Bay. realign me data on 
a bit-Ov-Oit oasis. Eacn deskew PWA 
handles two tracks of data. With the aid 
of an external Dit rate clock, the deskew 
electronics time base correct the data, 
removing timing perturbations caused 
by the tape transport. Deskewing and 
time base correction are accomplished 
hy stonng the data m shift registers with 
sufficient correction capability for timing 
errors related to tne record reproduce 
orocess. Dunng the deskew process, 
sync words are removed as data is re- 
tormaned. 

Parallel-senal converter 
A oaraiiei-senai converter, also seated 
in the Digital Process Bav. commutates 
the data channels after 'eorcduce anc 
deskew to reformat the high bit rate 
data to Its original configuration One 
converter 'S '•equireo per Digital Pro- 
cess Bav, and it is user programmable 
to conform to tape format requirements. 

On-line diagnostic mode 
select panel 

lb simplify setup and test procedures, 
an on-iine diagnostic mooe select panel 
is provided mat permits selection of in- 
dividual record' reproduce lines. The 
complete mput-output pam for a 
selected ime can be tested. Alternately 
the tape and heads can be bypassed in 
the electronics-electronics t£-E) mode. 
The senai-paraiiei-senai converters and 
sync deskew circuits can also be 
bypassed m order to test soecific func- 
tions on selected ime. 


Th« H6R-3000 electronics — 
key to reliability 

The H8R-3000 system is an electronic 
system designed to accept digital data 
in the high megabit range for recording 
on airborne or laboratory tape frans- 
ports. The system features nigh packing 
density recording for maximum record 
time, Miller or M* coding tor minimum 
error rates, and vanabie time base ex- 
pansion for ease of data reduction, in- 
coming data— senal or parallel — is 
fanned out to optimize tape tiack utiliza- 
tion. Sync information is added and 
data IS encoded onor to recording on 
tape. In the reproduco mode, signals 
are amditied. decoded to NR2-L for- 
mat. and sync is removed as part of the 
deskew process pnor to parailei-senaf 
conversion. 

Digital process bay 
Each bay will service up to 1 2 digital 
data tracks and contains the senai- 
parallel converter, sync insertion. 
Miller/M* encoders, deskew and 
parallel-senal printed wmng assemblies. 

Senal-parailel converter. Each digital 
Process Bay contains a single senai- 
parallel converter PWA. Input data 
streams and data clock are fed to the 
converter for fanout as required. Eacn 
board contains a DIP switch which pro- 
grams the number of tracks on tape for 
digital data as required by me applica- 
tion. Data clock mformaDon is also used 
to denve a capstan dnve signal allowing 
the system to track the incoming data 
and provide a constant bit packing 
density without operator intervention. 
Sync Inserter. Pnor to recording, data is 
formatted to allow for deskewing by in- 
serting sync words into each track 
every 5i2 bits: On inserting the sync 
word, data at that point is transferred to 
a master channel or ovemead track. 

One overhead track is used for up to 
twelve data tracks, one sync inserter 
PWA Is included m each Digital P'oeess 
Bay. 


Encoder. The M* Encoder PWA contains 
hybnd encoders capable of generating 
either Miller or M* coded data streams 
to the head drivers. The selection of 
cooes to 06 used is programmaoie at 
the user s option, aimough at high pack- 
ing densities the DC free M* code will 
give the best results with regard to BEP 
and is felt to be far supenor to any other 
codes yet available for these applica- 
tions, Compatibility with existing Miiier 
systems is inherent m me design 

Reproduce amplifier bay 
The Reproduce Amplifier Bay is similar 
to conventional analog direct reproduce 
amplifier bays, but has been designed 
specifically for high bit rate applications. 
The bay will accommodate up to i6 re- 
produce amplifiers whose function .t is 
to amplify the low 'evei digital signals 
read from tape pnor to the decode and 
deskew functions. Each reproduce 
ampi fier contains six speed, eiectncaiiy 
switchabie equalizers capable of being 
adiusted over a r50% range on either 
Side Of me nominal tape speed 

Bit sync decoder bay 
Clock recovery and decoding is ac- 
complished m ,e bit syncdecoder 
PWA located m the Bit Sync Decoder 
Bay. One bit syncdecoder card is used 
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HBR-3000 System 
exclusives 



DC free M* coding for highly 
correlated data 

Magnetic reproduce heads rely on flux 
change to sense the information re- 
corded on a magnetic media. Con- 
ventional NRZ-L data containing strings 
of continuous " 0 " would appear as a 
DC level if recorded directly without 
some form of coding. Various coding 
schemes have been developed that es- 
sentially force flux changes according 
to a set ol logical rules. In 1970 Ampex 
introduced the Miller code as the most 
efficient method of coding digitized in- 
formation in applications requiring high 
reliability and packing density. The Mil- 
ler code IS widely used in both data 
processing and instrumeniation applica- 
tions, and is. with slight variation, the 
predominant code used in most digital 
computer disks. 

With the advent of digitized video and 
other highly correlated grapnic informa- 
tion. such as satellite scan information, 
it became apparent that certain pattern 
configurations generated codes with an 
extremely high DC content resulting in 
unacceptable error rates. 

Now. from Ampex again, has come the 
most important advance to resolve the 
problem of unique pattern sensitivity at 
high bit packing densities— the M* 
code. M* effectively removes the DC 
component found m other coding 
schemes, a vital factor when repeti- 
tiously recording certain code patterns. 

The Miller and M* codes are com- 
plementary. The HBR -3000 encoder cir- 
cuitry will provide either as a result of 
operator choice. Any Miller coded data 
can be played back through the de- 
coder circuitry since it includes both 
Miller and capability without operator 
intervention. It is a straight forward 
system — no exotic bit insertion, bit 
reversal or scrambling techniques 
are needed. 
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Dedicated master channef for time 
base correction data 
Data arriving at the input to the record/ 
reproduce system is in a time correlated 
sequence that must be preserved. Tape 
recorders, being electromechanical de- 
vices, have inherent time related errors 
that must be taken into account. These 
timing errors are often compounded 
when data is recorded on one system 
and reproduced on another. 


The deskew logic delects the unique 
sync word in each track, corrects it. re- 
places the data from the master channel 
and stores the decoded data in regis- 
ters for simultaneous clocking out by the 
internal clock in its original format. 


B 

1 ^ 


The Ampex HBR-3000 system totally 
eliminates these timing errors through 
the use of a master channel/sync word 
system as illustrated. Parallel data 
streams arrive at the input to the sync 
inserter where a unique 32 bit sync 
word is sequentially inserted in each of 
the data streams. As data is replaced 
by the sync word in each of the parallel 
data streams, the replaced data is re- 
corded on the master channel, thus 
preserving the continuity of the data. 
The process is repeated every 512 bit 
intervals, a spacing far wider than the 
accumulated error tolerances in the 
record/reproduce process. 


During reproduce, individual tracks are 
out of sync with respect to each other 
due to the mechanicai errors of skew 
and inter-track time displacement error. 


HBR-3000 System- 
design nomograph 
The key parameters of a High Bit Rate 
record/reproduce system are fa) data 
rates, (b) reliability or bit error rates, and 
(c) record time available. To achieve 
these objectives within the state-of-the- 
art of current technology, many choices 
are available. The design nomograph 
has been provided to assist the applica- 
tion engineer in determining these trade 
offs. Soma examples of Its use follows. 
Assume a user system generates a se- 
rial stream of 32 Megabits/sec per 
channel, limited primarily by TTL logic. 
The principle of space multiplexed re- 
cording is to distribute, or fan out, the 
high bit rate input over some number of 
tracks on tape. The first step, therefore, 
is to decide on the number of tracks to 
be allocated for data. If alt 24 available 
tracks are to be allocated to a single 32 
Megabit/sec data channel, then the re- 
sultant track data rate is 1.33 Megabits/ 
sec per track, It should be noted 


that two or more 32 Megabit / sec 
channels could oe satisfiea by re- 
ducing the number of tracks allocated 
to each. In this instance, two or three 
such data channels could be recorded 
on 12 or 8 tracks per channel resulting 
in Pit rates of 2.67 or 4,0 Megabits i sec 
per track respectively. 

Similarly, consider an application that 
requires an eight bit word to be re- 
corded at a 2 Megabyie/sec rate (2 
Megabits/sec parallel input). If each 
parallel data channel is allocated a 
single track on tape, the resultant bit 
rate is 2 Megabits /sec per track. If 
24 tracks are available on tape, each 
parallel data line is allocated three 
tracks and the resultant track rate rs 
reouced to ,667 Megabitsrsecond. 
Having determined individual track 
rates, a packing density consistent with 
bit error rate requirements must be 
selected. Standard configurations pro- 
vide for a track rate of 4 Megabits/sec at 
33. 3k bits/inch resulting In a nominal 
tape speed of 120 incbes/sec. Tape 
speed and tape length available then 
determine total recording time available 
from a single reel of tape. At a tape 
speed of 120 inches/second with 10,500 
feet of tape available, maximum record 
time would be 17.5 minutes, 
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Sales offices 

For additional information, contact the Ampex sales office listed below; 


INTERNATIONAL SALES AND SERVICE COMPANIES 


U.S. SALES OFFICES 

ALABAlUtA 

4306 Governors Onva S.W. 

Suite "C" 

Huntsville. AL 3SB05 
(205) 637-3702 

CALIFORNIA 
500 Rodier Onve 
Glendale, CA 91201 
(213>24Q-SQOO 

1020 Ktfef Roed 
Sunnyvale, CA 94088 
(40S) 733-2900 
FLORIDA 

1355 N. Atlantic Avenue 
Suite 120 

Cocoa Beach, FL 32931 

(305) 783-1811 

ILLINOIS 

2201 Lunt Avenue 

81k Grove Village. !L 50007 

(312) 593-6000 

MARYLAND 

10215 Fernwood Road 

Bathesda. MD 20034 

(301) 530-8800 

MASSACHUSETTS 
391 Totten Pond Road 
Waltham. Ma 02154 
(617) 890-2040 

NEW JERSEY 
75 Commerce Way 
Hackensack. NJ 07601 
(201)489-7400 
NEW MEXICO 

1200 Pennsylvania N.E., Suite 0 
Albuquerque, NM 87110 
(505 268-8749 
OHIO 

4130 Linden Avenue 
Dayton. OH 45432 
(513) 254-6101 
TEXAS 

1615 Prudential Orivs 
Dallas. TX 75235 
(214) 637-5100 


ARGENTINA 
Ampex Electronica S.A. 

Cerrito 836 9lh Floor 
Casiila de Correo 5403 
Buenos Aires, Argantina 
Teijphone: 46-9029 or 40-7881 

AUSTRAUA 

Ampex Australia Pty. Ltd. 

4 Cahotia Street 
Artamiott 

Sydney NSW 2064 
Telephone; 439-4077 

GaCIUM 
Ampox S.A, 

Rue de L'lndustrle 
B-140O Nivalles 
Belgium 

Telephone: 067/2249.21 
BRASIL 

Ampex Do Brasil Electronica Ltda. 
Conjunto 1.502-15 Andar, Bloco O 
Rua Mexico, 31 
20.000 — Rio de Janeiro 
Brasil 

Telephone: 242-3795 
CANADA 

Ampex Canada Ltd. 

132 East Drive 
Bramalea Ontano. Canada 
Telephone; (416) 791-3100 

COLOMBIA 

Ampex de Colombia S.A. 

Apartado Aer«i No. 29613 
Carrera 10 No. 19-64 
Otiuna 409/410 
Bogota, O.E, Colombia 
Telephone: 43-62-32 end 41-43-84 

FRANCE 
Ampex S.A.R.L. 

17-23, rue du Dome 
92100 Boulogne 
Panoa 

Telephone; 609-9155 
GERMANY (Foderal Republic) 
Ampex Europa GmbH 
6000 Frankfurt, (Main) 
Waller-Kolb-Str. 9-11 
Germany (Federal Republic) 
Telephone; 60581 
GREECE 

Ampex World Operallona S.A. 

260 Kilissias Avenue 
P.O. Box 45, Halandli (1) 

Athens. Greece 
Talsphona; 67 18 160 
HONG KONG 

Ampex World Operations S.A. 
1801-1805 Star House 
8 Salisbury Roed 
Kovrloon, Hong Kong 
Telephone; 3-678051-3 


ITALY 

Ampex llallana S.p.A. 

Via Turati, 6 

Mllano-20121 

Italy 

Telephone: (02)65.15 41-2-3-4 

Ampex Itallana S.p.A. 

Via Dei Mlnatoh 
Casella Postals Zur 720 
Roma, Italy 

Telephone; (06)54-69-91 
JAPAN 

Ampex Japan Va. 

3, Kojimachl 3-Chome 
Chiyoda-Ku 
"bkyo, Japan 102 
Telephone; 03-264-7331 
MEXICO 

Ampex Do Mexico, S.A. de C.V. 
Apartado Postal 13-615 
Division del Norte No. 1632 
Mexico 13. 0.R 
Telephone: 539-68-70/71/72 
NETHERLANDS 
Ampex a.V. 

2505 Utrecht 
Zamenhofdreef 65A 
Nethertands 
Telephone: 030-61.29.21 
SOUTH AFRICA 
Ampex South Africa (Pty.) Ltd. 
aih Floor, Standard House 
67 SImmonds St. 

Johannesburg 2001 
South Africa 
Telephone: 838-7640 

SWEDEN 
Ampex A.B. 

Bissneleden 6 
RO. Box 7056 
S-172 07 Sundbyberg 
Sweden 

Telephone; 06/26 29 10 

SWITZERLAND 

Ampex World Operations S.A. 

1701 Fribourg 

Rua de Romont 29 

RO. Box 1031 

Switzerland 

Telephone; 037-22.73.31 

UNITED KINGDOM 
Ampex Great Britain Ltd. 

Acre Road 
Reading, Berkshire 
England 

Telephone; (0734) 85200 
UNITED STATES 
Ampex International 
401 Broadway (Box 4000) 
Redwood City. CA 94063 
Telephone: (415) 


AMPEX 


Ampex Corporation 
Data Producta Division 
401 Broadway 

Redwood City, California 94063 
(415) 367-2011 
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Video Characteristics 

Video Record/Reproduce 

One channel (DC-6 MHz) capable 
of recording transient free " 
instrumentation data or video 
formatted data of multiline rates 
(511-1023 lines per frame). 

Input/Output Level 

1 V-p-p terminated into 75 Ohms 

Bandwidth 

10 Hz to 6 MHz ±1.5 dB 

Signal-to-Noise 

40 dB p-p to RMS 

Time Base Stability 

5 nanoseconds RMS 

Distortion 

-25 dB 

Amplitude Linearity 

±5% 

Record Time 

60 mins. 

Audio Characteristics 

Audio Record 

Two channels of audio capable of 
recording signal frequencies from 
60 Hz to 12 kHz. 

Input Level 

0 dBm 600 ohms balanced or 
unbalanced. 


Operating Features 

Controls 

Standby; Record; Play; Rewnd; 
Fast Forward; Power ON/OFF; 
EOT/BOT; Calibrate. 

Start Time 

Stabilized Playback Video in 
8 seconds or less. 

Power Requirements 

115/230 VAC; 47 to 63 Hz. 

Recording Medium 

1" tape. 1.13 mil overall thickness 
video tape. B" wrap. 

Reel Size 

NAB 8". 10.5". or 12.5" 

Note: Record Time specified for 
10.5" reel 

Configuration ~ 

Size 

Console-31" X 19" X 17.5" 
Rack- 6 ft.. 19" EIA 

Weight 

Console- 165 lbs. 

Rack -<400 lbs. 


Frequency Response 

60 Hz to 12 kHz ±3 dB 


Q 


Signal-to-Noise 
40 dB p-p to RMS 
Distortion 

3% at normal record level. 
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Universal Instrumentation 
Video Recorder/ 
Reproducer WRR-421 


The WRR-421 Recorder/ 
Reproducer employs 
Arvin/Echo's segmented helical 
scanning recording format with a 
Pilot signal, which is utilized to 
provide all timing information 
independent of data format. For 
the WRR-421 , Arvin/Echo has 
incorporated its unique “transient 
free" record feature, thus 
broadening the recorder’s adapt- 
ability to mission parameters. 

The system makes use of the 
Echo scanner assembly which 
achieves Quad writing speeds in 
conjunction with long life ferrite 
heads and standard one-inch 
Gamma Ferric Oxide video tape, 
providing a cost effective system 
with exceptional quality perform- 
ance. The WRR-421 Recorder/ 
Reproducer can be used alone 
for lab analysis or for reproducing 
tapes recorded on the ARVIN/ 
ECHO WR-221 o. WR-521. 


Television 

Low Light Level Television 
CLLLTV): All EIA Multi-Line 
Television Standards. 

Multiplexed Narrow Band Data 

FDM/TDM, AM, FM, suppressed 
carriers, etc. 

Digital 

Digital data rates up to 10 x 10® 
bits per second with Bit Error 
Rates (BER) < 1 x 10'*. 

Audio 

Audio annotation on Channel I 
and event or timing information 
on Channel II. Optional audio 
bandwidths up to 30 KHz 
available. 

Details regarding the size, weight 
and performance characteristics 
of the WRR-421 are indicated 
under the specifications on the 
reverse side. 


The WRR-421 can record 
virtually any type of signal. 

Radar 

Forward-looking, ground 
mapping, multimode radars. 
Radar video with horizontal and 
vertical sweep waveforms multi- 
plexed in one channel 

Electro-Optic Sensor 

Forward-Looking Infra-Red 
(FUR) 
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• ECONOMICAL 

• SMALL SIZE 

• LOW POWER 

« SHOCK PROOF 

• VIBRATION RESISTANT 
« FAST RESPONSE TIME 

• LONS LIFE 

e VARIOUS COLORS AVAILABLE 
« LOW VOLTAGE 

• SPECIAL DESIGNS 


PINUTE^ LAMP SPECIFICATIONS 

Lsns Axial s No Prefix 




ACTUAL SIZE 
PINLITE ® 
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Lia-12 

1 . 2 s 

12 

±2 

.030 

(2.03) 

.030 

(0.76) 

.004 

(0.10) 

5 

45 

13/104 

1000 

L 15-30 

1.5 

30 

±4 

.080 

(2.03) 

.030 

(0.76) 

.004 

(0.10) 

7 

160 

S.5/50 

1000 

L15-45 

1.5 

46 

±5 

.080 

(2.03) 

.030 

(0.76) 

.004 

(0.10) 

10 

220 

4/33 

1000 

15-15 

1.S 

15 

t2 

.070 

(1.78) 

,015 

(0.33) 

.003 

(0.07) 

5 

60 

11/100 

800 

30-30 

3 

30 

t3 

.125 

(3.18) 

.030 

(0.76) 

.005 

10.13) 

7 

250 

10/100 

1000 

60-20 

6 

20 

±3 

.250 

(6.38) 

.040 

(1.02) 

.005 

(0.13) 

10 

400 

30/300 

2000 
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□ No obscuration and low transmission losses 

□ Includes a set of precision, wheel-mounted 
entrance apertures 

□ Special mirror coatings available for specific 
spectral regions 


□ Accepts infrared, visible and ultraviolet sources 

□ Spectral Range — 0.25 micron to beyond 16 
microns 

□ High angular resolution 


Typical Applications 


□ Checkout, alignment and calibration of missile 
homing systems 

□ Image evaluation (infrared, visible, ultraviolet) 
of optical systems 

□ Multi-sensor alignment and calibration 


□ Radiometer calibration 

□ Field of view plotting and alignment of 
electro-optical systems 

□ Boresighting optical instruments ♦o complete 
systems 


BARNES 


Special Features 


BULLETIN 6-1 QIC 


Off-Axis Collimator 
Model 6-101 


Calibrates, Tests and Aligns 
Electro-Optical Systems and Instruments 
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fSemipUon 

The Model 6-101 Off-Axm Coflimator is an optical 
systefn designed to calibrate and test electro- 
optical instruments and systems which receive 
radiation from both near and distant targets. 

The Model 6-101 is normally used with a radiation 
reference source to simulate accurately the 
radiation characteristics ^ color temperature, 
irradiance and target size — of remote targets. 
Afthough it is primarily intended to collimate 
infrared energy by producing a uniformly intense 
beam of parallel radiation, this system cah also 
coliimate energy in the visible and ultraviolet 
spectral regions. 

The radiation beams produced by this Off-Axis 
Collimator do not suffer from excessive 
transmission loss, as do those produced by 
relractive optical systems, in addition, the Model 
6-101 's parallel rays are free from areas of 
cbscuration, which normally occur in Cassegrain 
and f^ewlonian systems. 

This coltimation system employs a plane 
reflecting mirror and a 4,8-inch diameter, f/5,3 
off-axis paraboloidal mirror with a focal length of 
25.6 inches (nominal!. Both of these mirrors can 
be coated with any one of three optical coatings 
for high reflectivity in specific spectral regions. 

In the standard Model 6-101, an aJuminum coating 
with silicon monoxide overcoating is used. Two 
other coatings, offering high reflectivity In 
specific spectral ranges, are high-purity aluminum 
with a magnesium fluoride overcoating and gold 
with or vviliiout silicon monaxide overcoating. Both 
are readily avaitaole at extra cost. (A 2 inch by 
2-inch reflectivity sample of tliese coatings can be 
supplied for a slight additional charge.} 

In operation, radiation from the reference source 
enters the Collimator through the selected entrance 
aperture and is reflected by the plane mirror 
toward the concave mirror where it is collimated 
and redirected toward the exit aperture. (Figure 1), 

The optical system In the standard 8-101 has an 
angular resolution of 0.2 milliradian, which is 
sufficient for many applications of this Off-Axis 
Coflimator, However, this instrument can also 
bo supplied with an angular resolution of 0.1 
milliradian or better on special order. 

Accessories for the 6-101 Collimator include 
auxiliary radiation interrupting devices, such as 
two-speed or variable-speed radiation modulators, 
(n addition, spectral filters of the interference- 
type can be provided mounted to filter wheels. 


Design ConsideraSions 

The Model 6-101 Off-Axis Collimator consists of a 
lightweight, cast aluminum tube which contains 
the system optics — a plane reflecting mirror and 
sn off-axis, concave, paraboloidal mirror — and 
a universal mounting plate. 

Both mirrors are coated simultaneously with the 
coating surface which provides optimum 
reflectance in the wavelength region of interest. 
Before the assembly of each Collimator, mirror 
reflectance is measured. A curve showing 
measured reflectance versus wavelength rs then 
prepared and supplied with the Collimator. Using 
this curve, collimator transmittance may then be 
calculated by squaring the measured value of 
reflectance at each wavelength. 

The standard coating for the Collimator mirror 
surfaces is evaporated aluminum overcoated with 
silicon monoxide. This coating provides high 
reflectance from about 0.3 micron in the ultravioiet 
region to beyond 16 microns in the infrared, with 
exception of a dip at about 0.8 micron due to the 
characteristic absorption of aluminum. 
Attenuation below 0,3 micron is attributable to 
both the aluminum and the silicon monoxide. 

The ultraviolet coating, available on special order, 
IS composed of high-purity aluminum and a thin 
overcoating of magnesium fluoride. High 
reflectance is provided from 0.2 micron through 
the visible and infrared wavelengths, although the 
dip at 0.8 micron, due to the aluminum, is present. 

For applications where the absorption bund at 
0.8 micron is objectionable, a special infrared 
coating is available. This coating is a film of gold 
overcoated with silicon monoxide. Reflectance 
with this coating is high from about 0.6 micron 
throughout the infrared wavelength region. 

Figures 2, 3, and 4 show transmittance versus 
wavelength curves for both standard and special 
coated mirrors. 

The entrance aperture wheel of the Model 6-101 
Off-Axis Collimator is located at one side of the 
aluminum tube and is positioned perpendicular 
to the optical axis. This aperture wheel has seven 
precisely etched openings graduated in area to 
permit changes of up to 1000-to-1 in input 
flux density. 

A wide range of radiation reference sources, 
including the Barnes Models 11-100T 11-101T, 
11-120T, 11 ?n0T arj I1-201T, are easily and 
accurately positioned on the Collimator’s universal 
mounting plate. Spectral and tungsten sources 
can also bo used with the Model 6 101. 


PIANE MmBOn 
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Figure 1 — OpticaS Schematic of Model 6-1 01 Off-Axis Collimator. 


Specifications (Notei) 


OPTICAL DATA 


I 


Main Mirror: 

Type Off-Axis Paraboloid 

Diameter (inches) 4.8 

Focal Length (inches) 25.6 nominal 

f/number 5.3 

Surface Treatment (Note 2) Evaporated aluminum 
with silicon monoxide overcoat 

Auxiliary Mirror: 

Type Plane 

Size finchesj IxIVi 

Surface Treatment fWofe 2} Evaporated aluminum 
with silicon monoxide overcoat 
Optical Transmittance See Figure 2 and text, Page 3 

Resolution fWofe 3) 0.2 mlltlradlan 

Entrance Apertures (Note 4) 



Diameter 

Area 

Area 


(Inches) 

(cm®) 

Ratio 

Aperture #1 

D.0081 

0.333 X 10-3 

1 

Aperture #2 

0.0141 

1.00x10-3 

3 

Aperture #3 

0.0256 

3,33 X 10-3 

10 

Aperture #4 

0.0444 

10.0x10^3 

30 

Aperture #5 

0.0810 

33,3x10-3 

100 

Aperture #6 

0.141 

100x10-3 

300 

Aperture #7 

0.256 

333x10-3 

1000 
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MECHANICAL DATA 
Main Housing: 

Dimensions (inches) 8(H) x 9’A (W) x 28(L) 

Weight (pounds) 13% 

BdtsG PtstBr 

Dimensions (inches) 5%(H) x 20{W) x 17%(L) 

Weight (pourtdsj ISVa 


NOTES 

1. These specifications describe equipment previously furnished 
and are subject to change. Please request confirmation of 
those data at time of purchase. 

2. Upon request, one of the two coatings described below can be 
provided at additional cost. 

a. Special ultraviolet coating consisting of a rapidly de- 
posited high-purity aluminum with an overcoating of 
magnesium fluoride. 

b. Special infrared coating consisting of a specially pre- 
pared gold film with an overcoating of silicon mon- 
oxide. For maximum reflectance around 1 micron, and 
also between 3 and 10 microns, the silicon monoxide 
overcoat may be omitted. 

3. On special order, this instrument can be supplied with a 
resolution of 0.1 milliradian or better, 

4. A rotatable entrance aperture wheel permits the selection of 
the aperture diameters listed. Settings also indicate the area 
in square centimeters. Other diameters can be provided on 
special order. 
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Typical Reflectance for Each Mirror Used in Model 6>101 Off-Axis Collimators 
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Figure Z — Typicai retl&ctsnce curve for standard 
aluminum and silicon monoxide overcoat. 


WAVELENGTH IN MILUMICRONS 


Figure 4 — Typical ratlectance curve for special 
Infrared coaling (gold arid silicon monoxide 
overcoat). See Mole 2t 
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Figure 3 — Typical reflectance curve tor special 
ultraviolet coating (high-purity aluminum and 
magnesium fluoride overcoat). 


Accessories 


To extend the capabilities of the Model 6*101 
Off-Axis Collimator into other areas of optical 
investigation and measurement, the following 
accessories are available on special order. 


□ Sources; infrared biackbody, NBS tungsten 
and spectral sources (ultraviolet to infrared) 

□ Radiation Modulators (two-spaed and variable) 

□ Filter Wheel assembly with Interference or 
Neutral Density Filters 

□ Resolution targets or patterns on aperture 
wheel assembly in place of apertures 

□ Manually-operated iris diaphram (from 0.475-in, 
to 4,8 inches) in exit aperture opening 

□ Shutters, compur-type 
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BARNES 


Radiation 
Reference Source 
Model 11-210 


• 50 - 1000»C 

• Emissivity of .99 ±.01 

• One Inch Aperture 

• One Year Warranty 

• Stable and Accurate 
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The calibration of infrared instruments requires sources of radiation with known 
Intensities and spectral distributions. Such sources must remain stable and 
accurate under varying laboratory and field conditions. The Barnes Model 11-210 
Radiation Reference Source and Controller meets these requirements. 

The Model 11-210 Source uses the proven cylindrical/conical cavity. With 
sophisticated design and careful fabrication techniques, radiation characteristics 
close to blackbody conditions are obtained. Unlike competitive sources which 
claim only nominal value cosine law distribution, the Model 11-210 precisely 
follows cosine law distribution over the central 15° cone. This minimizes align- 
ment problems and assures accurate calibration. 

Any temperature in the range from 50 to 1000 °C may be set into the Controller. 
Cavity temperature is monitored with a platinum resistance probe sensed in the 
Controller. The Controller automatically adjusts electrical power to heat the 
cavity in the Source and maintains it at the selected temperature. The Controller 
design is of the zero-crossover proportional rate type which performs switching 
only while AC power is going through zero. This eliminates radio frequency inter- 
ference due to switching transients. 

The 11-210 Source and Controller are fabricated using quality and rugged compo- 
nents. Each unit is tested and certified using standards traceable to the National 
Bureau of Standard. Workmanship and material are guaranteed for one year. 



Accessories 


Cavity temperature can be monitored externally. For this purpose, Barnes can 
provide a platinum/ Platinum Rhodium thermocouple probe. The probe is available 
factory installed or in kit form for customer installation. Alternately, a Thermo- 
couple and Reference is available. Factory installed, it includes a precision 
platinum thermocouple and electronic temperature reference. When connected to 
a conventional voltmeter, cavity temperature can be obtained. 

When chopped radiation is required, the il-ZlO can be used with the Barnes 
variable Speed Modulator, The Modulator consists of a motor assembly, speed 
controller and chopper wheel. Seven chopper wheels are available and provide 
chopping rates from 0. 5 to 30,000 cps. 


The 11-210 Source mounts directly on the Barnes Aperture Plate Assembly. With 
its seven precision apertures, one can conveniently obtain 1000/1 attenuation in 
emitted radiation at any temperature setting. 


The Source, Modulator and Aperture 
axis 4.8" Collimator, Model 6-101, 
system. 

Specifications 

Temperature Range 

Aperture 

Emissivity 

Absolute Accuracy of Calibration 

Reset Accuracy 

Longterm Stability 
(105 to 125 V and Ageing) 

Power 

Warm-up Time (Ambient to 1000 “C) 
Ambient, Controller 
Ambient Source 
Source Case Temperature 
Aperture Plate Temperature 

Size; Source 

Controller 

Weight: Source 

Controller 


Plate may also be mounted to the Barnes off- 
forming a complete and flexible simulator 


50 - 1000 ®C 
1" Diameter (2. 5 cm) 
.99+0.1 
+5“C @1000 "C 
+1°C (^1000”C 
Better than +1*"C 

485 Watts Warm-up 
275 Watts Operation 

90 minutes 

0 to 40 °G 

-40 to 60°C 

5®C above ambient 

S0“C a 1000 “C 

11|- X 10 j X 12 j inches 
(29 X 27 X 32 cm) 

5 j X 10 X 10 inches 
(14 X 25 X 25 cm) 

25 lbs (11 kgs) 

10 lbs (4. 5 kgs) 


Barnes Engineering Company 
30 Commerce Road 
Stamford, Connecticut 06904 
Telephone 203 348-5381 


